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ABSTRACT
Four experiments were conducted to investigate the effects of sodium 
zeolite A (SZA) on calcium (Ca), phosphorus (P), and zinc (Zn) utilization in 
broiler chickens from 5 to 14 or 15 days of age. In Experiment 1, two levels 
each of SZA (0 and .75%) and (or) Ca (1.0 and 1.5%) were fed to both 
uninfected and Eimeria acervuiina-infected chicks. Excess dietary Ca reduced 
(P <  .05) gain and tibia ash in uninfected chicks but had no effect {P >  .10) 
in infected chicks (Ca x coccidiosis, P < .05). Addition of SZA to diets with 
excess Ca further decreased {P < .05) gain and tibia ash. These results 
suggest that SZA may exacerbate the adverse effects of excess dietary Ca. In 
Experiment 2, four levels of dietary Ca (.6, .8, 1, and 1.2%) and (or) two levels 
of SZA (0 and .75%) were fed. Sodium zeolite A decreased (P <  .05) plasma 
P and tibia magnesium (Mg) but increased (P < .05) tibia Ca, Zn, aluminum 
(Al), and manganese (Mn). Tibia ash and shearing force were increased in 
chicks fed SZA and inadequate dietary Ca, but were decreased in chicks fed 
SZA and 1.2% Ca (Ca x SZA, P <  .05). Dietary SZA enhanced tibia ash, 
density, and shearing force when dietary Ca was low; however, SZA reduced 
many bone mineralization indices in chicks fed excess Ca. In Experiment 3, 
various levels of dietary P (.41, .55, and .69%), Ca (.6 and 1 %), and (or) SZA 
(0 and .75%) were fed. The addition of Ca, SZA, or both exacerbated the 
adverse effects of feeding low-P diets, yet alleviated the adverse effects of 
feeding low-Ca, high-P diets. Dietary SZA reduced {P <  .01) plasma P and
increased [P < .02) tibia Mn, Zn, copper (Cu), and Al. The SZA-induced 
increase in tibia Al was most evident in chicks fed low levels of P (SZA x P, 
P <  .02). These data demonstrate that the effects of SZA are influenced by 
dietary concentrations of Ca and P, and that the addition of SZA to diets low 
in P results in bone Al accumulation. In Experiment 4, the effects of SZA on 
chicks fed inadequate (35 ppm), marginal (40 ppm), adequate (85 ppm), and 
excess (4 ,000 ppm) levels of Zn were assessed. Sodium zeolite A increased 
(P <  .05) tibia and pancreas Zn regardless of dietary Zn concentration. Dietary 
SZA tended to alleviate the adverse effects of feeding inadequate Zn and 
exacerbate the adverse effects of feeding excess Zn.
INTRODUCTION
Zeolite Characteristics
General. The discovery of zeolites (from the Greek, zein to boil and 
lithos stone) in 1756 has been attributed to the Swedish mineralogist Baron 
Cronstedt. Since that time the unique characteristics of zeolites have been 
recognized by chemists, geologists, and biologists alike. The functional, 
physical, and chemical attributes of these aluminosilicates are thought to result 
from their unique three-dimensional structure. This crystalline framework 
provides a network of interconnected cavities with uniform pore openings. The 
resulting vast internal surface area is occupied by mineral ions and water 
molecules, both of which have freedom of movement permitting ion exchange 
and reversible dehydration (Breck, 1974). Another unique aspect of the zeolite 
structure is that during dehydration, rehydration, and ion exchange, the 
molecular structure remains essentially unchanged.
Over one hundred natural and synthetic zeolites are thought to exist, 
with each providing unique traits for a plethora of applications. The major 
commercial exploitations of zeolites are as ion exchangers, sorbents, molecular 
sieves, and catalysts (Newsam, 1986). Among other applications, zeolites 
have been used as water softeners, detergent builders, antifogging agents in 
multi-glazed windows, removers of harmful contaminants in water solutions, 
flow enhancers, cracking catalysts in petroleum processing, soil pH 
conditioners, treatments for odor and moisture reduction, and as desiccants.
1
Zeolites in Agriculture. In addition to their industrial applications, there 
has been a great deal of interest in the use of zeolites in agriculture. Some of 
the first documented investigations into the use of zeolites in animal agriculture 
were in Japan in the mid to late 1960 's  (Mumpton and Fishman, 1977). Early 
studies with chickens (Onagi, 1966; Quisenberry, 1968), pigs (Morita, 1967; 
Kondo and Wagai, 1968; Han e ta l., 1975; Han eta l., 1976; Lee eta /., 1979), 
ruminants (Kondo et al., 1969; W atanabe e ta /., 1971; White and Ohlrogge, 
1974) and fish (Mumpton and Fishman, 1977) suggested that both naturally 
occurring and synthetic zeolites may improve animal health, the efficiency of 
nutrient utilization, or both of these aspects of animal production. However, 
the variability in composition of naturally occurring zeolites and associated 
contaminants often resulted in inconsistent results (Willis et al., 1982). The 
growing industrial demand for zeolites finally resulted in the dawn of large scale 
synthetic production, which provided the scientific community with a 
consistently pure product to evaluate for potential agricultural applications.
Sodium Zeolite A Characteristics
Zeolite 4A or sodium zeolite A (SZA) is a synthetic hydrated sodium 
aluminosilicate (molecular formula: Na12[(AI02)12(Si02)i2] ’ 27H20). The 
synthetic sodium form was so named for its sorbent action in admitting
molecules up to about 4A. Since 
there is no systematic method for the 
chemical naming of aluminosilicates, 
capitol letters such as type A and 
type X are used to designate new 
zeolite structures (Breck, 1964).
Both the Na ions and water 
molecules associated with sodium 
zeolite A can be exchanged with 
unassociated cations. Among the 
synthetic zeolites, SZA is som ew hat 
unique in its molecular structure and composition (Figure 1). Sodium zeolite A 
has the highest theoretical ion- exchange capacity because of its one-to-one Al 
to Si molecular ratio (Olson and Bisio, 1983), and it is thought to have the 
greatest selectivity for Ca of any of the available synthetic zeolites (Roland et 
al., 1985). In decreasing order, the monovalent ion selectivity profile for SZA 
is Ag >  Ti > Na > K > NH4 >  Rb >  Li >  Cs, and the divalent ion selectivity 
profile is Zn > Sr > Ba >  Ca >  Co > Ni > Cd > Hg >  Mg. Having ion- 
exchange selectivity for so many biologically significant ions, it is not surprising 
that SZA has been shown to influence mineral nutriture in animals.
(■I#
FIGURE 1. Sodium Zeolite A
Sodium Zeolite A Applications in Poultry and Egg Production
Eggshell Quality. Since SZA can exchange associated Na ions with Ca, 
a considerable amount of research has been conducted to evaluate the effects 
of SZA on both Ca and P nutriture in poultry. Some of the first studies in the 
United States concentrated on the use of SZA in layer diets where it was 
shown to increase eggshell quality1 (Roland eta/., 1985; Miles e ta /., 1986a,b; 
Harms and Miles, 1987; Ingram et al., 1987; Ingram and Kling, 1988; Roland, 
1988a,b; Je tton  et al., 1989; Roland and Dorr, 1989; Elliot and Edwards, 
1991a; Rabon et al., 1991a; Roland et a!., 1991; Frost et al., 1992). 
However, Aguillard eta!., 1989 reported that SZA had no effect on egg specific 
gravity and others have found that SZA increases egg specific gravity, but only 
at the expense of either egg production, egg weight, or both of these factors 
(Harms and Miles, 1987; Fethiere e ta !., 1990; Roland et a!., 1990; Latshaw 
and Turner, 1991). Increases in egg specific gravity have been shown to 
correlate with decreases in egg breakage (Wells, 1967), and Holder and 
Bradford (1979) reported that for every one unit decrease in egg specific 
gravity, 1.06%  more eggs were broken.
These inconsistent results may have resulted from differences in 
experimental methods since both diet composition (Fethiere et al., 1990; Elliot 
and Edwards, 1991a; Moshtaghian et a!., 1991) and environmental conditions
‘Eggshell quality was often, but not always, assessed  by measuring egg 
specific gravity, of which an increase is considered as improved quality.
(Ingram et al., 1988; Keshavarz and McCormick, 1991) have been shown to 
influence the effect of SZA on egg specific gravity. Elliot and Edwards (1991a) 
noted that in many of the experiments where SZA improved eggshell quality, 
layers were fed relatively high levels of P. Latshaw and Turner (1991) 
observed that SZA improved eggshell quality, but that it also had adverse 
effects on egg production and egg weight. The authors postulated that the 
adverse effects on egg production and weight resulted from SZA's negative 
effects on P nutrition. Since high dietary P has been shown to reduce eggshell 
quality (Arscott eta/., 1962; Holcombe eta/., 1976), it was proposed that SZA 
might be interfering with dietary P availability. Rossi eta/. (1990) reported that 
the addition of aluminum acetate  to the diets of laying hens reversed the 
adverse effects of excess dietary P on egg specific gravity. Roland et a/. 
(1991) suggested that in addition to the ion-exchange activity of SZA, its Al 
content may also be responsible for the reported improvements in egg specific 
gravity since Al has been shown to interfere with P utilization (Storer and 
Nelson, 1968; Hussein et al., 1989). However, Roland et al. (1990) reported 
that the influence of SZA on egg production and quality were not mediated 
solely through the effects of SZA on P utilization, and previously found that 
SZA improved eggshell quality more when diets marginal in Ca were fed 
(Roland et a/., 1985).
The Na associated with SZA has been shown to be available to the 
chicken (Miles et al., 1988; Miles et a/., 1990) and it has been suggested that
effects on either Na, Cl, or K may be involved in SZA's effects on egg 
production and egg specific gravity (Latshaw and Turner, 1991; Roland et al., 
1990).
In addition to SZA's influence on egg specific gravity, Ingram et a/. 
(1988) and Ingram et al. (1989a) reported that either injecting or spraying eggs 
with a solution of SZA improved broiler breeder and turkey egg hatchability, 
respectively. Aguillard et al. (1988) reported that the in ovo (air cell) 
administration of SZA at day 8 of incubation improved tibia length and 
subsequent body weights.
Health, Disease, andEnvironment. The effects of SZA on various health 
and environmental related issues in poultry production also have been 
evaluated. Laurent et al. (1989a, 1990) reported that SZA reduced the 
incidence of high altitude ascites in broilers. Hagedorn et al. (1991) presented 
in vitro evidence that SZA provided antibacterial activity against E. cloacae but 
not against S. typimurium, S. epidermidis, or P. vulgaris.
Sodium zeolite A has been shown to increase water consumption and 
fecal moisture content (Hagedorn et al., 1992; Klemperer et al., 1991). Palmer 
et al. (1992) reported that although water consumption increased in hens fed 
diets containing SZA, SZA had no effect on water consumption when birds 
were either intubated with or administered a capsule containing SZA. 
Hagedorn et al. (1990b) reported that SZA increased water consumption and 
fecal moisture content in Leghorn hens and that this effect w as not related to
the increased dietary Na provided by the SZA. Klemperer et al. (1991) similarly 
reported that SZA increased fecal moisture regardless of dietary Na and Cl 
levels. Keshavarz and McCormick (1991) also observed that SZA increased 
fecal moisture in Leghorns and suggested that the Al and Si associated with 
SZA had more influence on fecal moisture than did Na since dietary Na 
adjustments failed to restore fecal moisture to normal levels.
Ballard and Edwards (1988) reported that SZA reduced the incidence of 
tibial dyschondroplasia in male broiler chicks; however, Elliot and Edwards 
(1991a) did not observe this effect. An additional study demonstrated the 
effect of SZA on tibial dyschondroplasia was most evident in birds fed excess 
P (Edwards, 1988).
The sorbent characteristics of zeolites and aluminosilicates in general has 
provided an impetus to investigate SZA's effect on feedstuff-associated toxins. 
Davidson et al. (1987), Doerr (1989), Elissalde et al. (1989), Kubena et al. 
(1990a,b,c), and Araba and Wyatt (1991), reported that hydrated sodium 
calcium aluminosilicate (a non-zeolite aluminosilicate) provided some protection 
against aflatoxicosis. Scheideler (1989) reported that several aluminosilicate 
compounds, including SZA, alleviated aflatoxin toxicity; however, Araba and 
Wyatt (1991) reported that SZA did not ameliorate the adverse effects of 
aflatoxin.
Barnes eta l. (1990a) suggested that SZA may enhance the anticoccidial 
activity of monensin, lasalocid, halofuginone, and salinomycin, and Laurent et
ai. (1991) reported that the inclusion of SZA in broiler diets containing Avatec2 
and Roxarsone3 did not result in adverse effects or interfere with the 
anticoccidial activity of these products. Although anticoccidial activity w as not 
directly assessed , Ward et al. (1990) found no evidence that SZA enhanced the 
effects of monensin on the growth performance of Eimeria acervu/ina-infected 
chicks.
Laurent (1989b) reported that broiler breeders raised in hot climates had 
improved percentage of settable and hatchable eggs when SZA w as included 
in the diet. Harris et ai. (1988) found that SZA had no effect on growth 
performance of broilers raised in moderate climates (17.8 to 2 9 .4  C), but SZA 
increased body weight gain and feed efficiency in broilers raised in hot climates 
(23.9 to 35 C). Keshavarz and McCormick (1991) suggested that elevated 
environmental temperatures may be necessary for SZA to maximize its effects 
on eggshell quality.
Growth. In addition to beneficial effects on health and management 
issues, naturally occurring zeolites have been reported to improve gain, feed 
efficiency, or both of these production parameters in broiler chickens (Chung 
et ai., 1978; Willis et ai., 1982; Vest and Schutze, 1984; Elliot and Edwards, 
1991a). Sodium zeolite A has been fed to broiler chickens with varied effects
2Avatec® is a product of Roche Vitamins and Fine Chemicals, a division of 
Hoffmann-La Roche Inc., Nutley, NJ 07110.
3Roxarsone is a product of A.L. Laboratories, Inc., Ft. Lee, NJ 07024.
on growth performance. While some have reported that SZA improves growth 
performance in broilers (Hebert et al., 1986; Ingram et a!., 1987; Harris et at., 
1988; Je tton  et al., 1989; Barnes et a!., 1990b; Laurent et al., 1991), others 
have reported either no effect (Chiang and Yeo, 1983; Ballard and Edwards, 
1988; Kovar et a!., 1990; Ward et al., 1990; Elliot and Edwards, 1991a) or 
reductions in either gain or feed efficiency (Daly et al., 1990; Daly eta/., 1991; 
Elliot and Edwards, 1991a). As with the effects of SZA on eggshell quality and 
egg production, dietary composition (Leach et al., 1990, Elliot and Edwards, 
1991a; Moshtaghian et al., 1991) and environmental conditions (Harris et al., 
1988; Laurent, 1989b; Keshavarz and McCormick, 1991) have been shown to 
influence the effects of SZA on gain, feed intake, and feed efficiency.
Bone Characteristics and Ca and P Utilization. The effects of SZA on 
mineral utilization and bone formation also have been investigated. Although 
Chiang and Yeo (1983) reported that some naturally-occurring zeolites4 
decreased Ca utilization, Ballard and Edwards (1988) demonstrated that dietary 
SZA increased absorption of 47Ca. The diets used by Ballard and Edwards 
(1988) were low in Ca (.65%) and high in P (.72% total P) and known to 
produce a high incidence of tibial dyschondroplasia (Edwards, 1984). A similar 
study (Edwards, 1988), demonstrated that 1 % dietary SZA decreased phytate 
P retention. It was also observed in these studies that SZA either did not affect
4Clinoptilolite, mordenite, and hevlandite added at 1.5 or 3% of the diet.
1 0
or increased bone ash percentage when dietary P was high in relation to Ca, 
but decreased bone ash percentage when dietary P levels were low.
Leach et al. (1990) reported that SZA improved Ca utilization as 
indicated by an increased growth rate and by a reduction in the incidence of 
rachitic lesions, when Ca level was deficient or marginal. The authors were 
unable to duplicate these effects by reducing dietary P level and suggested that 
these  observations appeared to be a result of a direct effect of SZA on Ca 
utilization. Ingram et al. (1989b) reported that medullary bone development 
w as greater in laying hens fed SZA compared with hens not receiving SZA, and 
Hagedorn et al. (1990a) and Klemperer et at. (1990) observed that SZA 
improved femur breaking strength in Leghorns. Miles et al. (1991) reported 
that SZA promoted a thicker cortical bone in hens fed diets low in Ca but not 
in hens fed adequate levels of Ca. However, Scheideler (1989) and Elliot and 
Edwards (1989) reported that SZA decreased bone ash percentage in chicks, 
and Keshavarz and McCormick (1991) found that SZA had no effect on bone 
ash, Ca retention, or plasma Ca in Leghorns. Leach et al. (1990) found that 
SZA increased bone ash in chicks fed a deficient level of Ca (.31 to .59%) but 
decreased bone ash in chicks fed normal levels of Ca (1.01 %). Although SZA 
decreased bone ash in chicks fed normal levels of Ca, SZA increased plasma 
Ca regardless of dietary Ca level. Roland et al. (1989) also reported that SZA 
increased plasma Ca; however, neither Miles etal. (1986a), Ward eta l. (1990), 
nor Frost et al. (1992) observed this effect. Roland et al. (1985) found that
11
SZA increased plasma Ca in hens fed 4%  Ca, but decreased plasma Ca in hens 
fed 2 .75%  Ca.
Scheideler (1989), Leach et al. {1990), Ward et al. (1990), and Elliot and 
Edwards (1991a) have reported that SZA decreased plasma P concentration in 
chickens. However, Harms and Miles (1987), Keshavarz and McCormick 
(1991), and Frost e ta l. (1992) found that SZA had no effect on plasma P, and 
Ingram (1991) reported that SZA increased serum P in seven-week-old broilers. 
Roland et al. (1990) reported that SZA reduced plasma P in Leghorns fed .2% 
available P, but SZA had no effect on plasma P in birds fed .3% available P. 
Some of these  inconsistencies may be attributed to differences in dietary levels 
of Ca and P. Although Moshtaghian et al. (1991) found that SZA markedly 
affected P utilization, the beneficial effect of SZA on eggshell quality was not 
influenced by dietary P level. However, Roland (1990), Fethiere et al. (1990) 
and Moshtaghian et al. (1991) advise that because of the interaction between 
SZA and P, dietary P levels must be considered when SZA is fed to laying hens.
Trace Minerals. In addition to effects on Ca and P, there is evidence 
that zeolites can influence nutriture of some trace minerals. Clinoptilolite, a 
naturally-occurring zeolite w as shown to increase serum Cu, Zn, and Co 
concentrations in swine (Vrzgula and Bartko, 1984). Pond and Yen (1983) 
reported that SZA increased liver Zn but had no effect on liver or kidney Mg, 
Fe, Mn, and Cu concentrations, or on kidney Zn concentration in growing 
swine. Chiang and Yeo (1983) reported that the inclusion of some naturally-
12
occurring zeolites in the diets of broilers increased Mg and Zn utilization, and 
Ward et al. (1990) demonstrated that SZA increased bone Zn concentrations 
in chicks. Ingram (1991) found that SZA had no significant effect on serum 
Mn, Mg, and Cu, but SZA increased serum Al in broilers.
Zeolite Mode of Action
Although numerous experiments have been conducted on the effects of 
SZA in chickens, no clear mode of action has been proposed that would 
completely explain the effects of SZA on growth, eggshell quality and egg 
specific gravity, bone formation, and tissue mineral concentrations. The varied 
and often conflicting results suggest that these  SZA-induced effects are 
mediated through more than one biological influence. Several studies have 
provided evidence that the effects of SZA can be influenced by varying dietary 
concentrations of Ca and/or P (Roland et al., 1985; Edwards, 1988; Fethiere 
et al., 1990; Roland 1990; Leach et a!., 1990; Elliot and Edwards 1991a).
As mentioned previously, many researchers theorize that the effects of 
SZA are associated with either its ion-exchange properties, or are related to 
reported effects on P nutriture. However, some have provided evidence that 
other mechanisms, such as alterations in electrolyte balance, may be involved. 
Most researchers originally speculated that the ion-exchange ability of SZA was 
responsible for its reported effects on eggshell quality, bone formation, and 
growth performance. Pond and Yen (1983) described a possible mechanism
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in which SZA would selectively bind various minerals, then release them at an 
intestinal site most conducive to absorption. Rabon et a/. (1991a) varied 
particle size and source of dietary Ca for layers and indicated that the means 
by which SZA influenced eggshell quality was a more complex mechanism than 
simply an ion-exchange effect.
Roland et a l.{ 1985) w as one of the first to report that SZA improved egg 
specific gravity and proposed that SZA's affinity for Ca and its high ion- 
exchange capacity were responsible (Roland et a!., 1985; Roland, 1988a). 
Ballard and Edwards (1988) supported this theory with evidence that SZA was 
instrumental in facilitating Ca utilization. Edwards (1988) demonstrated that 
SZA decreased phytate P absorption and suggested that SZA might selectively 
bind to phytate-associated Ca, hindering the action of intestinal phytase. This 
action could result in decreased P utilization and would be expected to 
influence the utilization of other minerals associated with phytic acid, such as 
Ca and Zn. However, Moshtaghian et al. (1991) reported that SZA affects P 
utilization in phytate-free diets as well as corn-soybean meal based diets. Some 
studies (Roland, 1988b; Roland, 1990; Moshtaghian eta/., 1991) indicate that 
a t least some of the effects of SZA are independent of dietary P levels. 
Although Roland (1988b) reported that SZA reduced egg production in hens fed 
a low level of P, dietary P level had no effect on the SZA-induced increase in 
egg specific gravity. Roland and Dorr (1989) hypothesized that the observed 
improvements in egg specific gravity in Leghorns fed SZA was related to SZA's
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high affinity for Ca and its ion-exchange capacity; however, they also 
recognized that SZA may interact with P. Leach et al. (1990) observed that 
SZA improved growth rate and Ca utilization in chicks fed Ca deficient diets. 
However, since reducing dietary P did not duplicate these results, the authors 
concluded that, although SZA may indirectly influence Ca utilization by altering 
P nutriture, SZA had a direct effect on Ca absorption. Roland et al. (1991) also 
reported that dietary P does not appear to be the only factor contributing to the 
effects of SZA.
Ballard and Edwards (1988) originally suggested that the SZA-induced 
reduction in the incidence of tibial dyschondroplasia may have resulted from a 
facilitation of Ca utilization. However, in subsequent studies (Edwards 1988; 
Elliot and Edwards, 1991a), the authors speculated that the reduction in tibia 
dyschondroplasia may have resulted from SZA reducing P retention since higher 
levels of P have been shown to increase tibial dyschondroplasia (Edwards, 
1984). Elliot and Edwards (1991a) suggested that since SZA decreased 
plasma dialyzable P, and retention of total and phytin P, that rather than 
increasing Ca utilization, SZA may exert its effects on laying hens by 
decreasing the utilization of P. However, as stated previously, Roland (1990) 
and Latshaw and Turner (1991) suggested that the effects of SZA on P were 
not solely responsible for its effect on the laying hen. Further studies at the 
University of Georgia on SZA and its effects on Ca and P nutriture suggested 
that rather than, or in addition to, improving the utilization of dietary Ca, SZA
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is reducing P utilization thus implicating the Al associated with SZA as a 
possible mechanism of action (Elliot and Edwards, 1991a).
Frost et al. (1992) postulated that if SZA lowered blood phosphate it 
might subsequently stimulate the production of 1,25-dihydroxycholecalciferol 
which would increase bone resorption and intestinal absorption of Ca for use 
in eggshell formation. However, their research (Frost et al., 1992) failed to 
identify any relationship between dietary SZA and. plasma 1,25- 
dihydroxycholecalciferol and Rabon et at. (1991b) reported that dietary levels 
of vitamin D3 did not influence the laying hens' response to SZA.
Aluminum is toxic to chickens (Storer and Nelson, 1969; Hussein et al., 
1989; Elliot and Edwards, 1991b) and the antagonism between various Al 
compounds and P is well documented (Ondreicka et a!., 1966; Hussein et at., 
1989; Rossi et a!., 1990). Sodium zeolite A contains approximately 15% Al, 
and SZA can be hydrolyzed to various silicate and aluminate compounds at pH 
5 or less (Cook et a!., 1982). Since the pH of the contents of the 
proventriculus and crop range between 2.5 and 5 (Duke, 1986), the 
interluminal environments of the gastric and possibly the upper duodenal 
regions of the chicken would also allow hydrolysis. The hypothesis that the Al 
associated with SZA forms insoluble phosphate salts (Elliot and Edwards, 
1991a; Moshtaghian et al., 1991), decreasing P utilization, and subsequently 
influencing eggshell quality may be a viable explanation since it has been 
reported that increasing dietary P reduces egg specific gravity (Arscott et a!.,
16
1962; Holcombe et al., 1976). Rossi et al. (1990) reported that the decrease 
in egg specific gravity caused by high dietary levels of P was reversed with 
dietary Al (aluminum acetate) supplementation. Leach et al. (1990) reported 
that feeding SZA to broiler chicks increased bone Al content providing evidence 
that SZA is at least partially absorbed by the chicken.
Roland et al. (1990) suggested that the influence of SZA on egg 
production and quality were not mediated solely through the effects of SZA on 
P, but that Na, Cl, and K also were involved. Sodium zeolite A contains 13% 
Na which has been shown to be available to the chicken (Fethiere et a!., 1988; 
Miles et al., 1988; Miles et a/., 1990). Latshaw and Turner (1991) postulated 
that observed improvements in egg specific gravity may have resulted from a 
change in Na:CI ratio. Austic and Keshavarz (1988) reported that increasing 
the proportions of dietary Na relative to Cl increased eggshell strength and 
thickness, and Roland et al. (1990) found that while SZA had no effect on 
plasma Na in laying hens, it decreased plasma Cl. However, Ingram et at. 
(1991) reported that SZA had no effect on plasma Na or K in broilers. 
Although Keshavarz and McCormick (1991) found that blood acid-base balance 
w as not influenced by SZA, they cautioned that this does not rule out 
alterations in body fluid acid-base balance as a possible cause of the effects of 
SZA on eggshell quality. Several researchers have reported that SZA increases 
fecal moisture in chickens and that this effect is independent of dietary
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adjustments of Na, Cl, or both of these macro minerals (Hagedorn et a!., 
1990b; Keshavarz and McCormick, 1991; Klemperer et al., 1991).
In addition to the liberation of Al, Si(OH)4 is formed during the hydrolysis 
of SZA (Cook et al., 1982). Carlisle demonstrated that Si increased the rate of 
bone formation (Carlisle, 1982) and that Si is required for normal growth 
(Carlisle, 1972) and bone and cartilage formation (Carlisle, 1980) in chicks. 
Carlisle (1986) also suggested that dietary Si is involved with P during bone 
formation and influences the Ca:P ratio of bone. Rabon e ta l. (1991b) reported 
that both the Al and Si associated with SZA are absorbed by the hen, and 
suggested that both elements may influence the mechanism of action of SZA. 
Stern eta l. (1992), however, reported that although SZA improved egg specific 
gravity, the dietary addition of tetraethoxysilane (a source of Si) did not. Elliot 
and Edwards (1991b) found that dietary Si (sodium metasilicate) 
supplementation improved overall growth rate in 1- to 16-day-old broilers fed 
purified diets based on casein and gelatin; however, Si supplementation had no 
effect on birds fed corn and soybean meal-based diets. Wiegand (1991) 
proposed that SZA was providing a more bioavailable source of Si and that this 
supply of Si is a likely basis for activity. The Si and Al associated with SZA are 
certainly viable candidates in explaining the action of SZA. However, Roland 
et al. (1991) demonstrated that the mineral composition of SZA w as not solely
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responsible for its mechanism of action since feeding hydroxy-sodalite5 to 
commercial Leghorns did not provide the same effects on egg specific gravity 
as  feeding SZA.
Current Objectives
Because of the discrepancies in the literature, several experiments were 
conducted to further evaluate the effects of dietary SZA on chick growth, feed 
utilization, bone mineralization, tibia strength, and bone, plasma, liver, and 
pancreas mineral content. The main effects and interactions of these  factors 
with SZA and various dietary levels of Ca, P, and Zn are described and 
discussed in the following chapters.
5Hydroxy-sodalite has essentially the same mineral composition as SZA, 
although the zeolite cage structure and associated ion-exchange characteristics 
are absent.
CHAPTER 1
Effect of Dietary Sodium Zeolite A and Excess Calcium on Growth 
and Tibia Calcium and Phosphorus Concentration in Uninfected 
and Eimeria acervu/ina-lnfected Chicks6
ABSTRACT Two identical trials were conducted with 5- to 14- day old broiler 
chicks. Sodium zeolite A (SZA, 0  and .75%) and Ca (1.0 and 1.5%) were fed 
to both uninfected and Eimeria acervuiina-infected chicks resulting in a 2 x 2 
x 2 factorial arrangement of treatments. Coccidial infection reduced weight 
gain and gain:feed (P <  .01), and tibia ash, Ca, and Ca:P ratio (P <  .05). 
Excess dietary Ca reduced (P < .05) weight gain and tibia ash in uninfected 
chicks but had no effect (P >  .10) in coccidiosis-infected chicks (Ca x 
coccidiosis interaction, P < .05). Addition of SZA to diets with excess Ca 
further decreased {P <  .05) weight gain and tibia ash in both uninfected and 
E. acervu/ina-infected chicks. Tibia Ca, as a percentage of dry fat-free tibia, 
w as reduced (P <  .05) by the addition of SZA. This effect was not observed 
when tibia Ca w as expressed as a percentage of ash. These results suggest 
that SZA may exacerbate the adverse effects of excess dietary Ca.
6 A copy of the publisher's permission to reprint this chapter is presented in 
Appendix A.
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INTRODUCTION
Sodium zeolite A7 (SZA) is a synthetic hydrated sodium aluminosilicate 
with a crystalline lattice structure having a large surface area and pore value 
occupied by exchangeable sodium ions and water (Pond and Mumpton, 1984). 
Calcium and other divalent cations are known to exchange with the Na ions 
associated with SZA.
The ion-exchange property of SZA may be responsible for the reported 
increase in eggshell weight as measured by specific gravity of eggs when SZA 
is fed to laying hens (Roland eta l., 1985; Miles eta l., 1986a,b; Roland, 1988a; 
Harms and Miles, 1987) and broiler breeders (Ingram et al., 1987; Skinner et 
al., 1988). The effect of SZA on growth, feed efficiency and mineral balance, 
however, is less clear. Willis et al. (1982) reported that the addition of certain 
natural zeolites to broiler diets improved weight gain and feed efficiency. Harris 
et al. (1988) reported that addition of .5% SZA to the diet of broilers raised in 
a hot climate improved weight gain and feed efficiency, whereas broilers raised 
in a moderate climate did not respond to dietary SZA. Waldroup et at. (1984) 
observed no beneficial effect of dietary zeolite on weight gain or feed utilization 
of broilers. Similarly, Ballard and Edwards (1988) reported no effect of dietary 
SZA on weight gain and gain:feed; however, tibia ash w as higher, and
7Sodium zeolite A (Ethacal® Feed Component) is a product of the Ethyl 
Corporation, Baton Rouge, Louisiana 70801. The abbreviation SZA will be 
used when referring specifically to synthetic sodium zeolite A. Zeolite will be 
used when referring to both natural and synthetic zeolites referenced by other 
authors.
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incidence of tibial dyschondroplasia was lower in chickens fed SZA. The diet 
used by Ballard and Edwards (1988) contained .65%  Ca.
Dietary Ca in excess of 1 .2%  reduces growth and percentage of tibia ash 
in chicks (Smith and Taylor, 1961; Scott et al., 1982; Bafundo, et al., 1984; 
Smith and Kabaija, 1985). If dietary SZA enhances Ca utilization, then 
inclusion of SZA in diets with excess Ca should further reduce growth and 
percentage of tibia ash. Coccidial infections, specifically Eimeria acervu/ina 
infections, reduce Ca absorption (Turk, 1973), tibia Ca content and tibia Ca:P 
ratio (Giraldo et a/., 1987). Sodium zeolite A may overcome the reduction in 
Ca utilization that occurs in coccidiosis-infected chickens. Thus, the purpose 
of this investigation was to assess  the effect of SZA on weight gain, feed 
intake, gain:feed, and percent and composition of tibia ash in uninfected and 
E. acervulina-iniecxed chicks fed 1.0 and 1.5% Ca.
MATERIALS AND METHODS
Unsexed Arbor Acres x Peterson chicks from a commercial hatchery8 
were used in this investigation. From hatching to Day 4  posthatching, all 
chicks were fed a conventional corn-soybean meal diet (Table 1.1). After an 
overnight fast, chicks were inspected for fecal pasting, weighed, wingbanded, 
and randomly assigned to one of eight experimental treatments. Chicks were 
provided continuous light and penned in heated, thermostatically controlled
8Sanderson Farms, Laurel, MS 39440.
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(mean temperature 35 C) starter batteries with raised wire floors. Five 
replicates of five chicks in each of two identical trials (total of 10 replicates of 
5 chicks/treatment) were assigned to each treatm ent and maintained on the 
experimental diets from Day 5 to Day 14 posthatching. Chicks were allowed 
ad libitum  access to feed and water. Average initial weight of chicks w as 80.3 
and 7 6 .4  g for Trials 1 and 2, respectively.
The basal diet (Table 1.1) was formulated to meet or exceed the nutrient 
requirements of growing chicks (National Research Council, 1984). Dietary 
additions were made to the basal diet at the expense of silica flour9.
Coccidial infections were established by crop intubation of 1 ml of an 
aqueous inoculum containing 4  x 105 sporulated E. acervu/ina oocysts on Days 
0, 3 and 6 of the trials. Uninfected chicks received sham inoculations with tap 
water.
Treatment diets consisting of the basal (B), B + .5% Ca from 1.32% 
oyster shell flour, B + .75% SZA and B + .5% Ca + .75%  SZA were fed to 
uninfected and E. acervulina-infected chicks resulting in a 2 x 2 x 2 factorial 
arrangement of treatments. All diets were analyzed to contain .87%  P and 
were calculated to contain approximately .53% available P (National Research 
Council, 1984). Chemical analysis confirmed that the diets with no excess Ca 
contained 1.0% Ca, and that the diets with 1.32%  excess oyster shell flour 
contained 1.5% Ca.
9Fisher Chemical Co., Pittsburgh, PA 15219.
TABLE 1 . 1 .  D ietary co m p o sitio n 1
Ingredient Percentage
Ground yellow corn 45 .07
Soybean meal (44% CP) 4 2 .50
Corn oil 5 .00
Alfalfa leaf meal 2 .00
Defluorinated phosphate 2 .10
Oyster shell flour .40
NaCI .40
Vitamin mix2 .25
DL-methionine .15
M nS04-H20 .05
ZnC03 .01
Silica flour to 100.00
Calculated composition of the diet: CP, 23% ; lysine, 
1.37% ; methionine, .52%; cystine, .37%; ME, 3 ,000  kcal/kg.
2Roche Chemical Division, Nutley, NJ. Provided the 
following per kilogram of diet: vitamin A acetate , 6 ,614  IU; 
vitamin D3 (D-activated animal sterol), 1,653 IU; dl-alpha- 
tocopheryl acetate, 6 .6  IU; vitamin B12, 11 pg; riboflavin,
6 .6 mg; niacin, 33.1 mg; d-pantothenic acid, 11.0 mg; 
choline, 551 mg; menadione sodium bisulfite, 4 .4  mg; folic 
acid, .7 mg; pyridoxine, 1.1 mg; thiamin, 1.1 mg; d-biotin,
55 pg.
2 4
At the termination of both trials (Day 14 posthatching), chicks were 
weighed individually and feed consumption was determined. Following 
euthanasia by cervical dislocation, the left tibia w as removed from each chick. 
The dry, fat-free tibia was dry ashed a t 590  C for 20 hr. The Ca content of the 
ash w as determined by atomic absorption spectroscopy (Association of Official 
Analytical Chemists, 1984), and P w as determined using an autom ated10 
molybdovandate method (Association of Official Analytical Chemists, 1984).
Data for both trials were pooled and analyzed by analysis of variance 
procedures appropriate for factorially arranged treatments (Steel and Torrie, 
1980). Orthogonal, single degree of freedom comparisons were used to test 
treatm ent differences. Trial x treatment interaction mean squares were used 
as the error term when P <  .10. The pen of chicks was used as the 
experimental unit.
RESULTS
Experimental coccidial infection reduced (P < .01) weight gain, feed 
intake and gain:feed (Table 1.2). The coccidial infection also reduced tibia ash 
(P <  .01), Ca as a percentage of tibia ash (P < .05), Ca as a percentage of dry 
fat-free tibia (P < .01) and tibia Ca:P ratio (P <  .05) compared with uninfected
10Technicon Instruments, Number 369-75A, Technicon Industrial Systems, 
Bran Luebbe, Elmsford, NY 10523.
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TABLE 1.2. Weight gain, feed intake, and gain:feed of control (-) 
and Eimeria acervuiina-infected (+ )  chicks fed excess calcium 
or sodium zeolite A (SZA) or both1
Dietary
additions
Weight
gain2
Feed
intake3 Gain:feed4
+ + +
■ igi ................. 19/yJ
Basal (B) 281 165 368 266 .763 .619
B + .5% Ca 265 167 350  258 .755 .645
B + .75% SZA 275 168 365 266 .752 .633
B + Ca + SZA 252 154 342 247 .738 .624
Pooled SEM 4.7 8.5 .012
’Data are means of ten replicates of five chicks each. Average initial chick 
weight w as 78 .4  g (Trial 1, 80.3  g; Trial 2, 76 .4  g).
2Coccidiosis (P <  .001), Ca (P <  .01) and SZA effects (P < .04) and 
coccidiosis x Ca (P <  .05) and coccidiosis x SZA (P <  .08) interactions. 
3Coccidiosis (P <  .001) and Ca effects (P <  .02).
4Coccidiosis effect {P <  .001).
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chicks (Table 1.3). Tibia P as a percentage of ash, however, was increased 
(P <  .05) in coccidiosis-infected chicks.
Excess dietary Ca reduced weight gain in uninfected chicks but had no 
effect in coccidiosis-infected chicks (coccidiosis x Ca interaction, P < .05); 
however, excess Ca reduced (P <  .02) feed intake in both uninfected and 
coccidiosis-infected chicks (Table 1.2). Excess Ca also reduced tibia ash and 
Ca content (percentage of dry fat-free tibia) in uninfected chicks but not in 
coccidiosis-infected chicks (coccidiosis x Ca interaction, P < .02, Table 1.3).
The addition of SZA to the basal diet had no effect on weight gain, feed 
intake, or gain:feed of chicks fed 1.0% Ca. However, the addition of SZA to 
diets with excess Ca resulted in a further reduction (P < .05) in weight gain 
and tibia ash. This resulted in Ca x SZA interactions for tibia ash (P <  .02) 
and weight gain (P < .08). There were no Ca or SZA main effects on tibia Ca 
or P content when these minerals were expressed as a percentage of ash (Table 
1.3). However, when tibia Ca was expressed as a percentage of dry fat-free 
tibia, dietary SZA addition reduced (P <  .05) tibia Ca in uninfected chicks fed 
excess Ca and in coccidiosis-infected chicks irrespective of Ca level. Tibia P 
expressed as a percentage of dry fat-free tibia was not affected by dietary Ca 
or SZA.
TABLE 1.3. Mineral content of the tibia of control (-) and Eimeria acervulina-infected ( + ) 
chicks fed excess calcium and/or sodium zeolite A (SZA)1
Dietary
additions
Ca2-3 Ca2,4 p 2 ,3 P2 Ash6 Ca:P3
+ - + + + + - +
- (% of ash) - - (% of tibia) - - 1% of ash) - - (% of tibia) - ----- (% )------
Basal (B) 36.82 34.86 19.02 16.79 18.97 20.68 9.80 9.94 51.65 48.12 1.94 1.70
B + .5% Ca 36.66 34.51 18.74 17.63 18.72 19.95 9.57 9.90 51.11 49.65 1.96 1.79
B + .75% SZA 37.10 33.27 19.34 16.02 19.41 20.14 10.12 9.70 52.14 48.18 1.91 1.66
B + Ca + SZA 35.25 34.64 17.29 16.60 19.20 19.26 9.42 9.25 49.08 47.97 1.84 1.82
Pooled SEM .91 .43 .53 .27 .47 .08
nData are means of ten replicates of five chicks each.
^ibia Ca and P concentration expressed as a percent of ash and as a percent of dry fat-free tibia.
3Coccidiosis effect IP < .05).
4Coccidiosis (P < .01) and SZA (P < .05) effects and coccidiosis x Ca interaction <P < .02).
sCoccidiosis (P < .01) and SZA (P < .05) effects and coccidiosis x Ca (P < .01) and Ca x SZA (P < .02) interactions.
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DISCUSSION
Experimental coccidial infection reduced weight gain, feed intake, 
gain:feed, and tibia ash and Ca content, and increased tibia P content. These 
effects are well documented characteristics of E. acervulina-'miected chicks 
(Turk, 1973; Stephens et al., 1974; Willis and Baker, 1981; Southern and 
Baker, 1983; Giraldo e ta l., 1987).
Research has indicated that feeding high levels of Ca reduces weight gain 
and feed consumption and delays sexual maturity in pullets. It is recommended 
that chicks should not be fed diets containing more than 1.2% Ca until 18 to 
20 wk of age (Smith and Taylor, 1961; Scott et al., 1982; Bafundo et al., 
1984; Smith and Kabaija, 1985). The growth reduction observed in the 
present study was most likely the result of a decreased feed intake, because 
excess Ca had no effect on gain:feed. Although chicks fed 1.5%  Ca had lower 
feed intakes than chicks fed 1.0% Ca, their daily Ca intake w as still 52%  
greater. Smith and Taylor (1961) observed that broilers from 0 to 6 wk of age 
fed 1.3%  Ca had reduced weight gain and feed efficiency; however, feed 
intake w as identical to that of chicks fed .8% Ca. The authors suggested that 
the reduction in growth w as due to the excess of Ca interfering with the 
utilization of other nutrients. Bafundo et at. (1984) found that .9 and 1.8% 
excess Ca reduced weight gain and tissue Zn in growing chicks. Smith and 
Kabaija (1985) reported that high dietary Ca had no effect on weight gain, feed 
intake, feed efficiency or mortality in broilers from 3 to 42  days posthatching.
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However, tibia volume increased and tibia ash decreased as dietary Ca was 
increased from 1 to 3% and dietary P was held constant at .6%. As increasing 
dietary P to 1.2% removed the negative effects of excess Ca on tibia, Smith 
and Taylor (1961) concluded that these effects could be attributed to an 
imbalance of Ca and P.
Coccidiosis-infected chicks were less susceptible to the adverse effects 
of excess Ca (decreased weight gain and tibia ash) than were uninfected 
chicks. This diminished susceptibility can probably be attributed to a reduced 
efficiency of Ca utilization and absorption by coccidiosis-infected chicks (Turk, 
1973; Giraldo e ta l., 1987).
Results of the present study indicate that SZA influences Ca utilization. 
Sodium zeolite A accentuated the adverse effects of excess Ca and further 
reduced growth, feed intake and tibia ash in chicks fed excess Ca. Ballard and 
Edwards (1988) have also reported that male broiler chicks fed diets containing 
1.0% SZA had increased absorption and day zero retention of orally and 
intramuscularly administered 47Ca.
The means by which SZA affects Ca utilization is not known. However, 
SZA contains approximately 15% Al (.1125%  dietary Al), and SZA is 
hydrolyzed to various silicate and aluminate compounds at pH 5 or less (Cook 
et al., 1982). Therefore, it is possible that the observed effects could be in 
part attributed to the well documented (Ondreicka et a!., 1966; Venugopal and 
Luckey, 1978; Spencer and Lender, 1979) inhibition of P absorption by various
3 0
Al compounds. Edwards (1988) reported that 1.0% dietary SZA decreased 
total and phytate P retention in male chicks. Storer and Nelson (1968) reported 
that aluminum sulfate and aluminum chloride (.01 to .08%  dietary Al) reduced 
weight gain, feed efficiency, and bone ash when fed to chicks 1 to 15 days of 
age. They concluded that Al can impair chick growth if supplied in soluble form. 
The only criterion used in the present investigation that could be used to 
evaluate P utilization would be tibia P content, which was not affected by SZA. 
Little or no effect on growth or tibia composition w as observed when SZA was 
included in the diets of chicks fed 1.0% Ca.
CHAPTER 2
Effect of Dietary Sodium Zeolite A and Graded Levels 
of Calcium on Growth, Plasma, and Tibia 
Characteristics of Chicks11
ABSTRACT Sodium zeolite A (SZA), a synthetic sodium alumino-silicate 
having high ion-exchange capacity, has been shown to increase eggshell 
specific gravity in laying hens and to improve Ca utilization in chickens. A 4 
x 2 factorial arrangement of treatments was used to investigate the effect of 
dietary Ca (.6, .8, 1.0, and 1.2%) and SZA (0 and .75%) on growth, plasma, 
and tibia characteristics of chicks from 5 to 15 days of age. Increasing dietary 
Ca linearly increased (P <  .05) Ca and alkaline phosphatase (AP) in plasma and 
increased tibia shearing force and percentage ash, Ca, and P in tibiae. 
However, dietary Ca linearly decreased (P <  .05) inorganic P and Mg in plasma 
and Mg and Mn in tibiae. Sodium zeolite A decreased (P <  .05) plasma P and 
AP and tibia Mg but increased (P <  .05) tibia Ca, Zn, Al, and Mn 
concentrations. Tibia ash and shearing force were increased in chicks fed SZA 
receiving inadequate dietary Ca, but they were decreased in chicks fed SZA and
nA copy of the publisher's permission to reprint this chapter is presented 
in Appendix B.
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excess Ca (Ca by SZA interaction, P <  .05). Tibia density showed a similar 
trend, but the effect was not significant (Ca by SZA interaction, P <  .12). The 
addition of SZA enhanced tibia ash, density, and shearing force when dietary 
Ca was low; however, when added to diets containing 1.2% Ca, SZA reduced 
many bone mineralization indices with the exception of tibia Ca.
INTRODUCTION
Sodium zeolite A (SZA)12 is a synthetic hydrated sodium aluminosilicate 
with a crystalline lattice structure (molecular formula; Na12[(AI02)l2(Si02)12] * 27 
H20) having a large surface area and pore volume occupied by exchangeable 
sodium ions and water (Pond and Mumpton, 1984). Calcium, Zn, Mg, K, and 
other biologically significant cations are known to exchange readily with the Na 
associated with SZA (Breck, 1974). Although there are numerous synthetic 
and natural occurring zeolites exhibiting ion-exchange capacity, SZA is thought 
to have one of the highest selectivities for Ca.
The ion-exchange property of SZA may be responsible for the reported 
increase in eggshell specific gravity when SZA is fed to laying hens (Roland et 
al., 1985; Miles, e ta l., 1986a,b; Roland, 1988a; Roland and Dorr, 1989). The 
effect of SZA on growth, mineral balance, and bone formation, however, is less 
clear and often inconsistent. Although some reports have shown that SZA
12Sodium zeolite A (Ethacal® Feed Component) is a product of the Ethyl 
Corporation, Baton Rouge, LA 70801.
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improves growth performance (Ingram et al., 1987; Roland and Dorr, 1989; 
Leach et al., 1990), other reports have shown no effect (Ballard and Edwards, 
1988; Watkins et a!., 1989; Ward et al., 1990), and still others have shown a 
reduction in growth performance (Elliot and Edwards, 1989; Daly et at., 1990). 
Ballard and Edwards (1988) reported that male broiler chicks fed diets 
containing 1.0% SZA had increased absorption of orally and intramuscularly 
administered 47Ca. Ingram et al. (1989b) reported that medullary bone 
development was greater in laying hens fed SZA compared with hens not 
receiving SZA. However, Scheideler (1989) and Elliot and Edwards (1989) 
reported that SZA decreased bone ash in chicks. Edwards (1988) found that 
the addition of SZA to diets low in P also reduced body weight and tibia ash 
content in 16-day-old chicks. Watkins eta l. (1989) reported that .75%  dietary 
SZA increased tibia ash in chicks fed diets containing 1.0%  Ca and .87% total 
P; however, SZA reduced tibia ash when 1.2% Ca w as fed. Edwards (1988) 
demonstrated that SZA reduced phytate P retention and that dietary Ca and P 
levels influenced the effects of SZA on mineral retention and bone ash.
Due to the increased use of sodium zeolite A in poultry feed and 
mounting evidence that dietary mineral concentration influences SZA efficacy, 
the present study was conducted to evaluate the effect of dietary Ca and SZA 
on the utilization and tissue distribution of various minerals. The influence of 
SZA, dietary Ca, and their interaction on growth, plasma and bone mineral 
concentrations, and bone density and shearing force were evaluated.
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MATERIALS AND METHODS
Unsexed Arbor Acres x Peterson broiler chicks from a commercial 
hatchery13 were used in this investigation. From hatching to 4  days 
posthatching, all chicks were fed a corn-soybean meal based diet (Table 2.1) 
without supplemental Ca. The basal and pretest diet contained .6% Ca. After 
an overnight fast, chicks were weighed and randomly assigned to one of eight 
experimental treatm ents on the basis of body weight. Chicks were provided 
continuous fluorescent lighting and housed in heated, thermostatically 
controlled (mean temperature 35 C) starter batteries with raised wire floors. 
Four replicates of five chicks each were assigned to each treatment and fed 
their respective experimental diets from 5 to 15 days posthatching. Chicks 
were allowed ad libitum  access  to feed and water.
The basal diet (Table 2.1) was formulated to meet or exceed all nutrient 
requirements of growing chicks except for Ca, which was provided at 60%  of 
the requirement (National Research Council, 1984). Dietary additions were 
made to the basal diet at the expense of silica flour14.
Treatments were arranged as a 4  x 2 factorial consisting of four levels 
of dietary Ca (.6, .8, 1.0, and 1.2%) and two levels of dietary SZA (0 and 
.75%). Dietary Ca levels were attained by supplementing the basal diet (Table 
2.1) with 0, .2, .4, or .6% Ca from limestone. All diets were analyzed to
13Sanderson Farms, Laurel, MS 39440.
14Fisher Chemical Co., Pittsburgh, PA 15219.
TABLE 2 . 1 .  D ietary co m p o sitio n 1
Ingredients Percentage
Corn 45 .78
Soybean meal (44% CP) 42 .50
Corn oil 5 .00
Alfalfa leaf meal 2 .00
Dicalcium phosphate 1.54
NaCI .40
Vitamin mix2 .25
DL-methionine .15
M nS04-H20 .05
ZnC03 .01
Treatment additions3 2.32
Calculated composition (National Research Council, 1984) 
of the diet: crude protein, 23%; lysine, 1.37%; methionine, .52%; 
cystine, .37%; metabolizable energy, 3 ,000  kcal/kg.
2Roche Chemical Division, Nutley, NJ 07110 . Provided the 
following per kilogram of diet: retinyl acetate , 6 ,614  IU; cholecai- 
ciferol, 1 ,653 IU; dl-alpha-tocopheryl acetate, 7 IU; vitamin B12, 11 //g 
riboflavin, 6 .6  mg; niacin, 33.1 mg; d-pantothenic acid, 11.0 mg; 
choline, 551 mg; menadione, 1.5 mg; folic acid, .7 mg; pyridoxine,
1.1 mg; thiamin, 1.1 mg; d-biotin, 55 j j q .
3The remaining 2 .32%  of the diet contained limestone, sodium 
zeolite A (SZA) or silica flour at various concentrations to provide 
the eight dietary treatments. Four diets containing the four dif­
ferent Ca levels were mixed initially. These diets were then divided 
and either SZA or silica flour was added to provide the 0 and .75% 
SZA diets. Dietary treatm ents were analyzed to contain: .61, .78,
.99, and 1.2% Ca and .69, .70, .71, and .71% total P for the .6, .8, 
1.0, and 1.2% Ca diets, respectively.
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contain .7% total P and were calculated to contain approximately .5% available 
P.
At the termination of the experiment, individual chicks were weighed and 
pen feed consumption was determined. A blood sample (2 mL) was taken from 
each chick via cardiac puncture. Calcium, P, and alkaline phosphatase (AP) 
concentrations were determined on fresh plasma and the remaining plasma was 
frozen for subsequent Mg and Zn analyses. After birds were killed by cervical 
dislocation, both tibiae were removed for subsequent analyses.
Plasma Mg and Zn were determined by flame atomic absorption 
spectroscopy15 and plasma inorganic P (Daly and Ertingshausen, 1972), Ca 
(o-cresolphthalein method16), and AP (Bowers and McComb, 1966) were 
determined using an automated clinical chemistry analyzer (Gilford System 
203).16
The left tibiae were cleaned of adherent tissue, extracted (soxhlet) 
continuously for 48 h in 90%  ethanol and then for 48 h in anhydrous diethyl 
ether. The fat-free tibiae were dried in a forced-air oven at 90 C, weighed, and 
shearing force determined using a Universal Instron Breaking Machine17. 
Shearing force was reported as kilograms force required to shear each tibia 
using a Warner-Bratzler shear at a crosshead speed of 20 mm/min. The fat-free
lsModel 3030B, Perkin-Elmer Corp., Norwalk, CT 06859.
16Ciba Corning Diagnostics, Oberlin, OH 44074.
17Model 1122, Instron Corp., Houston, TX 77032.
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sheared tibiae were dried, weighed, and dry ashed at 590  C for 20 h. Ash 
content w as calculated by weight loss. The Ca and Zn content of the ash were 
determined by flame atomic absorption spectroscopy16, P content was 
determined using an autom ated18 molybdovandate method (Association of 
Official Analytical Chemists, 1984) and Al, Mg, and Mn were determined using 
an inductively coupled plasma spectrophotometer19. The right tibiae were 
cleaned of adherent tissue (fresh) and shearing force w as immediately 
determined as previously described.
Prior to determining the shearing force, tibia density w as determined 
using the fat-free left tibiae by the method of Barzel (1975). Tibiae were 
rehydrated under vacuum (65 to 75 mm Hg) for a minimum of 1 h or until all 
air w as removed from the bone. Rehydrated tibiae were weighed in water to 
.001 g using an electronic balance20 fitted with a hanging fine copper wire 
suspended over a beaker of distilled deionized water (weight in water). Tibiae 
were then removed from the beaker, blotted to remove excess water, and 
immediately weighed in air on the pan of the same balance (weight in air). 
Tibia volume was calculated using Archimedes principle (weight in air minus
18Technicon Instruments, number 369-75A, Technicon Industrial Systems, 
Bran Luebbe, Elmsford, NY 10523.
19Series 800  Plasma AtomComp Direct-Reading Spectrometer, Thermo 
Jarrell-Ash Corp., Franklin, MA 02038.
20Model 163, Mettler Corp., Hightstown, NJ 08520.
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weight in water) and bone density (mass per unit volume) was calculated by 
dividing the weight of tibia in air (grams) by tibia volume (cubic centimeters).
Data were analyzed by analysis of variance procedures appropriate for a 
factorial arrangement of treatm ents in a completely random design (Steel and 
Torrie, 1980). Orthogonal single degree of freedom comparisons were used to 
tes t  main effect differences and interactions. Pen means (four pens per 
treatment group) were used as the experimental unit for all data. Differences 
in final body weight were observed and because body weight may influence 
bone characteristics (Brown and Southern, 1985), data were analyzed with and 
without adjustment for final body weight as a covariate in the model. Because 
no meaningful differences were observed between the two analyses, data 
analyzed without the covariate in the model are presented.
RESULTS
Dietary Ca supplementation reduced gain and feed intake at the 1.2% 
level; however, lower levels of dietary Ca (.6, .8, and 1.0%) had no effect (Ca 
quadratic, P <  .05) on gain or feed intake (Table 2.2). The gain:feed ratio was 
not influenced by dietary Ca. Sodium zeolite A had no effect on gain, feed 
intake, or gain:feed ratio (Table 2.2).
Dietary Ca linearly increased (P < .05) plasma Ca and AP and decreased 
(P < .05) plasma inorganic P and Mg (Table 2.3). Chicks fed the 1.2% Ca
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TABLE 2.2. Gain, feed intake, and gain:feed of chicks fed graded levels of 
calcium with ( + ) or without (-) .75% sodium zeolite A1
Dietary
Ca
Gain2 Feed2 Gaimfeed
+ - + +
% iy i _  — ig/g j
.6 293 292 394 389 .745 .752
.8 288 305 383 401 .753 .762
1.0 299 297 396 390 .754  .762
1.2 287 280 382 372 .750 .752
Pooled SEM 6 6 .010
1Data are means of four replicates of five chicks each during the 
period 5 to 15 days posthatching. Average initial chick weight on Day 5 was 
82.8  g.
2Ca quadratic (P <  .05).
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TABLE 2.3. Plasma calcium, phosphorus, magnesium, and alkaline 
phosphatase of chicks fed graded levels of calcium 
with ( + ) or without {-) .75% sodium zeolite A1
Dietary
Ca
Ca2 p2 ,3 ,4
Alkaline
phosphatase2,4 Mg2
• + - + + +
% /I I i /HI \ — (mg/dL) —\ m y / U L f
.6 10.64 10.99 5.55 4.85 175.8 136.7 1.94 1.93
. 8 11.83 11.05 4.93 4.91 192.2 150.1 1.85 1.87
1 . 0 11.92 11.46 4.97 3.98 257.5 149.1 1.85 1.75
1 . 2 12.50 12.75 3.70 3.10 205.6 178.8 1.84 1.68
Pooled SEM .48 .20 202 .07
1Data are means of four replicates of five chicks each.
2Ca linear (P < .05).
3Ca quadratic \P < .01).
4SZA (P < .01).
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diets had the greatest decrease (Ca quadratic, P <  .01) in plasma P. Dietary 
SZA reduced (P < .01) plasma P and AP regardless of dietary Ca level.
Tibia ash content and shearing force (Figure 2.1) increased as dietary Ca 
was increased from .6 to 1.0%; however, when excess Ca (1.2%) was fed, 
tibia ash w as reduced (Ca quadratic, P < .01). Tibia density (Figure 2.1) 
followed the same trend as tibia ash and shearing force (Ca quadratic, 
P < .07). Although force required to shear fresh tibiae w as greater than that 
required to shear dry fat-free tibiae, the processing method did not influence 
treatment effects (Figure 2.1). Sodium zeolite A increased tibia shearing force 
and ash in chicks fed .6 or .8% Ca, but reduced these  criteria in chicks fed 
1.2%  Ca (Ca linear by SZA interaction, P < .01). Although, a similar trend 
(P <  .12) was observed for tibia density, the effect w as not significant. 
Dietary SZA did not affect tibia shearing force, ash, or density in chicks fed 
1.0%  Ca.
Tibia Ca content (Table 2.4) was increased {P < .01) by dietary SZA in 
chicks fed 1.0 and 1.2% Ca. However, dietary Ca level had no effect on tibia 
Ca in chicks not fed SZA (Ca cubic by SZA interaction, P < .01). Dietary 
treatment had no effect (P >  .10) on tibia P (Table 2.4).
Increasing dietary Ca linearly reduced (P < .01) tibia Mg concentration 
(Table 2.4). The .2% Ca addition to the basal diet (.8% total Ca) reduced tibia 
Mn and Zn (Table 2.4); however, additional Ca supplementation resulted in little
54
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FIGURE 2.1. Tibia ash content (A), tibia density (B), fresh tibia shearing force (C), and dry fat-free tibia shearing 
force (D) of chicks fed graded levels of Ca (.6, .8, 1.0, and 1.2%) with ( • )  or without (O) sodium zeolite A 
(SZA). Each data point is represented by four replicates of five chicks each (±  Pooled SEM). ■fs»NJ
TABLE 2.4. Tibia calcium, phosphorus, magnesium, manganese, and zinc content of chicks fed 
graded levels of calcium with ( + ) or without (-) .75% sodium zeolite A (SZA)1
Ca2-3-4-8 P Mg2-3 Mn2-38 Zn2-6
Dietary Ca - + + - + - + - +
— (mg/g of ash) —170) i !■■■ in y*w*y vi cioii/
.6 34.67 35.01 17.75 17.89 9.47 8.80 9.71 12.29 342.7 356.3
.8 34.82 34.90 18.22 18.15 8.87 8.15 8.78 10.26 314.3 338.4
1.0 34.87 37.28 18.03 18.34 8.14 7.60 8.85 10.64 328.0 356.8
1.2 34.84 37.29 18.09 18.09 7.74 7.30 8.85 10.69 325.2 368.2
Pooled SEM .17 .16 .13 .34 7.9
1Data are means of four replicates of five chicks each.
2SZA {P <  .01).
3Ca linear (P < .01).
4Ca cubic (P < .01).
BCa quadratic (P < .02).
6Ca cubic x SZA interaction {P <  .01).
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or no further change in tibia Mn or Zn concentration (Ca quadratic, P < .02). 
Dietary SZA increased (P <  .01) tibia Mn and Zn concentrations and these 
effects were not influenced by dietary Ca (Ca by SZA interactions, P >  .10). 
Dietary Ca supplementation reduced tibia Al (P <  .05), but SZA increased {P 
<  .02) tibia Al (Figure 2.2). This effect of SZA on tibia Al w as most obvious 
at the low (.6%) and high (1.2%) dietary Ca levels.
DISCUSSION
Feeding high levels of Ca has been shown to reduce gain and feed 
consumption in chicks (Bafundo et ah, 1984; Watkins et ah, 1989). The 
growth reduction observed in the present study in chicks fed 1.2% Ca appears 
to have resulted from a decrease in feed intake, as excess Ca had no effect on 
gain:feed ratio. Gain, feed intake, and gain:feed ratio were not influenced by 
dietary addition of SZA. This lack of response in growth performance from 
SZA agrees with previous reports (Ballard and Edwards, 1988; Watkins et ah, 
1989; Ward et ah, 1990), but it is not in agreement with reports that SZA 
improves growth performance (Ingram et ah, 1987; Roland and Dorr, 1989) or 
that SZA reduces growth performance (Elliot and Edwards, 1989; Daly et ah, 
1990).
The addition of dietary Ca to the basal diet increased plasma Ca and AP 
and decreased plasma P. The inverse relationship observed in the present 
study between AP and plasma P has been reported previously (Njoku
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FIGURE 2.2. Tibia Al content of chicks fed graded levels of Ca (.6, .8, 1.0, and 
1.2%) with ( • )  or without (O) sodium zeolite A (SZA). Each data point is 
represented by four replicates of five chicks each (±  Pooled SEM).
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et al., 1980) in turkeys, and Boyd et al. (1983) reported that AP was inversely 
related to dietary P availability. Chicks fed SZA had consistently lower AP. 
Although not significant, Chiang and Yeo (1983) found that dietary addition of 
1.5 and 3 .0%  natural zeolite decreased AP 23 and 36%  respectively in 40-day- 
old broilers fed a "low level of nutrition".
Although SZA did not affect plasma Ca levels in the present study and 
that of Ward eta/. (1990), SZA has been shown to increase plasma Ca (Roland 
et a/., 1989; Leach et a/., 1990). The research of Roland et at. (1985) 
indicated that SZA increased plasma Ca in hens fed 4%  Ca, but that SZA 
decreased plasma Ca in hens fed 2 .75%  Ca. The SZA-induced reduction in 
plasma P seen in the present study has been demonstrated previously 
(Scheideler, 1989; Leach et al., 1990; Ward et a/., 1990).
The observed increase in tibia Ca in SZA-fed birds receiving 1 or 1.2% 
Ca has not been reported. This increased level of tibia Ca resulted from a 
decrease in tibia ash without a concurrent decrease in tibia ash Ca content. An 
increase in tibia Ca without a concomitant increase in P would suggest an 
increase in CaC03 or other forms of Ca and not hydroxyapatite. A readily 
available form of soluble Ca not associated with hydroxyapatite might help 
explain this effect as well as reports that SZA increases egg specific gravity 
(Roland e ta /., 1985; Miles e ta /., 1986a,b; Roland, 1988a; Roland and Dorr, 
1989) and medullary bone development (Ingram et a/., 1989b) in laying hens. 
If bone provided a readily exchangeable source of Ca in addition to
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hydroxyapatite, one would expect less hydroxyapatite resorption and 
subsequently lower AP.
Dietary SZA exacerbated the Ca-induced reduction in tibia Mg. The 
observed decrease in tibia Mg in birds fed SZA may have resulted from an 
increase in Ca utilization, as high levels of dietary Ca have been show n to 
interfere with Mg utilization (Chicco et a!., 1967).
Tibia Mn was decreased as dietary Ca w as increased. Smith and Kabaija 
(1985) reported that chicks fed high levels of dietary Ca had impaired Mn 
utilization. Dietary SZA increased tibia Mn. The effect of SZA on tibia Mn 
could be the result of mechanisms directly or indirectly related to the effects 
of SZA on Mn or Mn antagonists such as phytate P. Phytate and phytate- 
containing feedstuffs have been shown to reduce Mn utilization (Southern et 
al., 1987) and Wedekind and Baker (1990) demonstrated that inorganic P 
depresses Mn utilization and is more antagonistic to Mn than is Ca. If SZA or 
the Al associated with SZA bound dietary inorganic or phytate P, it may have 
prevented the antagonism between Mn and P, resulting in an increase in bone 
Mn.
The increase in tibia Zn observed in chicks fed SZA has been described 
by Ward et al. (1990), and Chiang and Yeo (1983) reported that SZA increased 
Zn utilization in 6-wk-old broilers. Sodium zeolite A is known to exchange 
associated cations with Zn, and Zn is ranked first on SZA's cation selectivity 
profile (Zn > Sr > Ba > Ca >  Co > Ni > Cd >  Hg > Mg; Breck, 1974).
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Sodium zeolite A increased tibia ash, shearing force and density in chicks 
fed diets low in Ca. However, SZA reduced these parameters in chicks fed 
1.2%  Ca. The increase in shearing force is in agreement with previous reports 
(Hagedorn et al., 1990a; Kovar et al., 1990). In the present study, the force 
required to shear fresh tibia was only 4%  greater than that required to shear 
dry fat-free tibia. Lott et al. (1980) reported that drying bones reduced 
breaking strength by 50% . However, their methods differed from those used 
here in that they did not extract the fat from the bones and that they 
determined breaking strength (V-shaped chisel head) as opposed to shearing 
force (Warner-Bratzler shear head).
The means by which SZA affects Ca and (or) P utilization is not known. 
However, the Al associated with SZA has been considered as possibly 
influencing these observed effects (Miles eta!., 1986a; Roland and Dorr, 1989; 
Watkins et al., 1989). Because SZA contains approximately 15% Al (.113% 
dietary Al in the present study), it is possible that the observed effects could 
be in part attributed to the well documented antagonism between various Al 
compounds and P (Hussein et at., 1989; Rossi et a/., 1990). Fethiere et al. 
(1990) advised that P intake be adequate when feeding SZA because feed 
consumption, egg production, and egg weight were decreased in the presence 
of SZA when hens were fed low levels of P.
The accumulation of Al in the tibiae of chicks fed SZA suggests  that at 
least some of the Al associated with SZA is absorbed. Leach et al. (1990) also
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showed that chicks fed SZA had increased bone Al and that dietary Ca 
supplementation reduced bone Al content. Sodium zeolite A can be hydrolyzed 
to various silicate and aluminate compounds at pH 5 or less (Cook et al., 
1982). The presence of such compounds in the intestine of the chick could 
influence the utilization of other nutrients or could be absorbed. Rabon et al. 
(1991b) reported that both the Al and Si associated with SZA are absorbed by 
the hen and suggested that both elements may influence the means of action 
of SZA.
The hypothesis that Al decreases P utilization may explain reports that 
SZA increases egg specific gravity (Roland et a!., 1985; Miles, et a!., 1986a; 
Roland, 1988; Roland and Dorr, 1989), as it has been reported that increasing 
dietary P levels reduces egg specific gravity (Arscott et al., 1962; Holcombe et 
a!., 1976; Rossi et al., 1990). Rossi et al. (1990) reported that the decreased 
egg specific gravity caused by high dietary levels of P w as reversed by dietary 
Al supplementation.
Changing dietary concentrations of Mn, Na, Cl, or all of these have been 
shown to affect eggshell quality. Holder and Huntley (1978) reported that 
dietary Mn supplementation increased eggshell thickness, and the present 
authors observed that SZA increased bone Mn. Austic and Keshavarz (1988) 
reported that increasing the proportions of dietary Na relative to Cl increased 
eggshell strength and thickness. The 13% Na associated with SZA has been 
shown to be available to the chicken (Miles et a!., 1990).
Data presented here and those previously reported (Roland et al., 1985; 
Edwards, 1988; Watkins eta/., 1989; Leach et a!., 1990) demonstrate that the 
effects of SZA on growth, bone formation, and eggshell quality are dependant 
on dietary Ca and P levels. Most research suggests that SZA enhances Ca 
utilization, reduces P utilization, or both. Due to the complex relationship 
between Ca and P, it is difficult to separate the effects of one from the other. 
In addition, the varied effects that have been reported and the inconsistency of 
results suggest that a combination of factors involving mechanisms not directly 
related to dietary Ca or P may also exist.
Although there are numerous studies reporting the effects of feeding SZA 
and other synthetic and natural occurring zeolites, no clear mode of action has 
been proposed. The present authors suggest that there are several concurrent 
factors involved. These data and those of others demonstrate that SZA 
influences tissue mineral distribution. Mineral metabolism and electrolyte 
balance can have large effects on bone and eggshell formation. It is reasonable 
to assume that any alterations in mineral absorption, tissue distribution, 
excretion, or electrolyte balance could be responsible for the reported effects 
of SZA on eggshell quality and bone formation. Another mode of action may 
be that the affinity of SZA for Ca or other cations is protecting these  minerals 
from antagonistic factors and allowing for better utilization. Available data 
would seem to support a combination of mechanisms involving increased Ca
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utilization, decreased P utilization, and additional metabolic effects on various 
other minerals (Mg, Mn, Na, K, Si, and Zn).
CHAPTER 3
Effect of Dietary Sodium Zeolite A and Graded Levels of Calcium and 
Phosphorus on Growth, Plasma, and Tibia Characteristics of Chicks21
ABSTRACT Sodium zeolite A (SZA), a synthetic sodium alumino-silicate having 
a high ion-exchange capacity, has been shown to influence Ca and P utilization 
in chickens. A 3 x 2 x 2 factorial arrangement of treatm ents was used to 
investigate the effect of dietary P (.41, .55, and .69% total P), Ca (.6 and 1 %), 
and SZA (0 and .75%) on growth, plasma, and tibia characteristics of chicks 
from 5 to 15 days of age. Growth, feed intake, gain:feed ratio, and tibia 
characteristics were influenced by dietary Ca and P in a manner consistent with 
dietary recommendations for these  macro minerals. The addition of Ca, SZA, 
or both exacerbated the adverse effects of feeding low-P diets, yet alleviated 
the adverse effects of feeding a low-Ca, high-P diet. Dietary SZA had no effect 
(P >  .5) on plasma Ca or alkaline phosphatase; however, SZA reduced 
(P <  .01) plasma P. Dietary SZA increased (P <  .02) tibia Mn, Zn, Cu, and Al. 
The SZA-induced increase in tibia Al was most evident in chicks fed low levels 
of P (SZA by P interaction, P <  .02). The overall response to dietary SZA
21A copy of the publisher's permission to reprint this chapter is presented 
in Appendix C.
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addition paralleled the response observed from Ca supplementation, indicating 
that SZA increased Ca utilization, reduced P utilization, or contributed to both 
of these  effects. These data demonstrate that the effects of SZA are 
influenced by the dietary concentration of Ca and P and tha t the addition of 
SZA to diets low in P results in bone Al accumulation.
INTRODUCTION
The use of zeolites in animal agriculture has been investigated for many 
years (Mumpton and Fishman, 1977). Although there are numerous naturally 
occurring zeolites, sodium zeolite A (SZA)22 is a synthetic hydrated sodium 
aluminosilicate with a crystalline lattice structure (molecular formula; 
Na12[(AI02)12(Si02)12]*27H20). Calcium, Zn, Mg, K, and other biologically 
significant cations can exchange readily with the Na associated with SZA 
without disrupting its molecular structure (Breck, 1974).
Sodium zeolite A has been reported to affect eggshell quality, egg 
production, growth performance, Ca absorption, femur medullary development, 
bone composition and strength, P utilization, and incidence of tibial 
dyschondroplasia. These effects have been attributed to the ion-exchange 
properties of SZA, the Al associated with SZA, or both of these factors 
combined. Ballard and Edwards (1988), Ingram et al. (1989b), and Watkins et
22Sodium zeolite A (Ethacal® Feed Component) is a product of Ethyl 
Corporation, Baton Rouge, LA 70801.
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al. (1989) reported that SZA increased the absorption of Ca, increased 
medullary bone development, and accentuated the adverse effects of excess 
Ca, respectively. However, Edwards (1988), Fethiere et al. (1990), and 
Moshtaghian et al. (1991) reported that SZA affected P nutriture of chickens, 
and Watkins and Southern (1991), along with others (Fethiere et al., 1990; 
Roland et al., 1990; Latshaw and Turner, 1991; Moshtaghian et al., 1991), 
speculated that at least a portion of the effects of SZA may be due to its 
influence on P utilization by chickens.
Therefore, this study was conducted to further evaluate the effect of 
feeding SZA when both dietary Ca and P vary. The influence of dietary P, Ca, 
and SZA and their interactive effects on growth, plasma, and mineral 
concentrations, density, and shearing force of tibia were evaluated.
MATERIALS AND METHODS
Unsexed Arbor Acres x Peterson broiler chicks from a commercial 
hatchery23 were used in this investigation. From hatching to 4  days 
posthatching, all chicks were fed a corn-soybean meal basal diet (Table 3.1) 
without supplemental Ca or P. The pretest diet was formulated to contain 
.41 % total P (.16% nonphytate P; National Research Council, 1984 ) and .6% 
Ca. After an overnight fast, chicks were weighed and randomly assigned to 
one of 12 experimental diets on the basis of body weight (average initial weight
23Sanderson Farms, Laurel, MS 39440.
TABLE 3 .1 .  D ietary co m p o sitio n 1
Ingredients Percentage
Corn 46 .00
Soybean meal (44% CP) 42 .23
Corn oil 5 .00
Alfalfa leaf meal 2 .00
Limestone 1.10
NaCI .40
Vitamin mix2 .25
DL-methionine .15
M nS04-H20 .05
ZnC03 .01
Dietary treatment additions3 2.81
’Calculated composition (National Research Council, 1984) of the 
basal diet: crude protein, 23%; lysine, 1.37%; methionine, .52%; 
cystine, .37%; metabolizable energy, 3 ,000  kcal/kg, Ca, .6%; total P, 
.41% (.16% available P).
2Roche Chemical Division, Nutley, NJ 07110 . Provided the following 
per kilogram of diet: retinyl acetate, 6 ,614  IU; cholecalciferol, 1,653 IU; 
dl-alpha-tocopheryl acetate, 7 IU; vitamin B12, 11 jjg ; riboflavin, 6 .6 mg; 
niacin, 33.1 mg; d-pantothenic acid, 11.0 mg; choline, 551 mg; 
menadione, 1.5 mg; folic acid, .7 mg; pyridoxine, 1.1 mg; thiamin, 1.1 
mg; d-biotin, 55 jjg .
3Ammonium phosphate monobasic (26.93%  P) and limestone were 
added at the expense of silica flour in order to provide the desired 
dietary Ca and P levels. Six diets containing the six different 
combinations of Ca and P were mixed initially. These diets were then 
divided and either .75%  SZA or .75% silica flour was added to provide 
the 0 and .75% SZA diets. Dietary Ca and total P levels were 
confirmed with actual chemical analyses and did not differ from 
calculated levels.
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was 80 .4  g). Chicks were provided continuous fluorescent lighting and penned 
in heated, thermostatically controlled (mean temperature w as 35 C) starter 
batteries with raised wire floors. Four replicates of five chicks each were 
assigned to each treatment and fed their experimental diets from 5 to 15 days 
posthatching. Chicks were allowed ad libitum  access to feed and water.
The basal diet (Table 3.1) was formulated to meet or exceed all nutrient 
requirements of growing chicks except for Ca and P, which were provided at 
60 and 36%  of the requirements (National Research Council, 1984), 
respectively. Dietary treatment additions were made to the basal diet at the 
expense of silica flour.24
Treatments were arranged as a 3 x 2 x 2 factorial consisting of three 
levels of total dietary P (.41, .55, and .69%), two levels of dietary Ca (.6 and 
1.0%), and tw o levels of dietary SZA (0 and 0.75% ). Dietary P levels were 
attained by supplementing the basal diet (.41 % total P) with 0, .53, and 1.06%  
ammonium phosphate monobasic (26.93% P) providing 0, .14, and .28%  total 
P, respectively. The diets were calculated (National Research Council, 1984) 
to contain .16, .31, and .45% nonphytate P. Dietary Ca levels were attained 
by supplementing the basal diet (.6% Ca) with 0  and 1.0%  limestone, providing 
0 and .4% Ca, respectively.
At the termination of the experiment, individual chicks were weighed and 
pen feed consumption was determined. A blood sample (2 mL) w as taken from
24Fisher Chemical Co., Pittsburgh, PA 15219.
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each chick via cardiac puncture at trial termination. Calcium (o-cresolphthalein 
method26), inorganic P (Daly and Ertingshausen, 1972), and alkaline 
phosphatase (Bowers and McComb, 1966) concentrations were determined on 
fresh plasma using an automated Gilford Systems clinical chemistry analyzer.25
After bleeding, the chicks were killed by cervical dislocation and both 
tibiae removed for subsequent analyses. The left tibiae were cleaned of 
adherent tissue, extracted (Soxhlet) continuously for 48 h in 90%  ethanol, and 
then for 48  h in anhydrous diethyl ether. The fat-free tibiae were dried in a 
forced-air oven at 90 C, weighed, and shearing force was determined using a 
Universal Instron Breaking Machine.28 Shearing force w as reported as 
kilograms force required to shear each tibia using a Warner-Bratzler shear at a 
crosshead speed of 20 mm/min. The fat-free sheared tibiae were dried, 
weighed, and dry-ashed at 590 C for 20 h. The Ca, Cu, and Zn content of the 
ash was determined by flame atomic absorption spectroscopy,27 P content 
w as determined using an autom ated28 molybdovandate method (Association 
of Official Analytical Chemists, 1984), and Mn and Al were determined using
^Ciba Corning Diagnostics, Oberlin, OH 44074.
26Model 1122, Instron Corp., Houston, TX 77032.
^Model 3030B, Perkin-Elmer Corp., Norwalk, CT 06859.
28Technicon Instruments, Number 369-75A, Technicon Industrial Systems, 
Bran Luebbe, Elmsford, NY 10523.
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an inductively coupled plasma spectrophotometer.29 The right tibiae were 
cleaned of adherent tissue (fresh) and shearing force w as determined 
immediately as described previously.
Prior to determining shearing force, tibia density w as determined using 
the fat-free left tibia (Barzel, 1975). Tibiae were rehydrated under vacuum (65 
to 75 mm Hg) for a minimum of 1 h or until all air w as removed from the 
bones. Rehydrated tibiae were weighed in water to .001 g using an electronic 
balance30 fitted with a hanging fine copper wire suspended over a beaker of 
distilled deionized water (weight in water). Tibiae were then removed from the 
beaker, blotted to remove excess water, and immediately weighed in air on the 
pan of the same balance (weight in air). Archimedes principle was applied; the 
weight in water was subtracted from the weight in air and thus the weight of 
the water displaced by the submerged tibia w as determined. Using the 
assumption that the density of the displaced water was 1 g per cm3, the 
volume of the bone was determined. Bone density (mass per unit volume) was 
calculated by dividing the weight of tibia in air (grams) by tibia volume (cubic 
centimeters).
Data were analyzed by analysis of variance procedures appropriate for 
a factorial arrangement of treatm ents in a completely random design (Steel and
29Series 800  Plasma AtomComp Direct-Reading Spectrometer, Thermo 
Jarrell-Ash Corp., Franklin, MA 02038.
30Model 163, Mettler Corp., Hightstown, NJ 08520.
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Torrie, 1980). Orthogonal, single degree of freedom comparisons were used 
to tes t  main effects and interactions. Pen means (four per treatment group) 
were used as the experimental unit for all data. Because treatment significantly 
influenced body weight, and body weight may influence bone characteristics 
(Brown and Southern, 1985), data were analyzed with and without adjustment 
for final body weight as a covariate in the model. Because no meaningful 
differences were observed between the two analyses, data analyzed without 
the covariate in the model are presented.
RESULTS
Multiple main effects and interactions were present for several of the 
criteria studied; however, in some cases only the highest order interactions or 
pertinent, biologically significant main effects are discussed. All data are 
presented in graphic form to facilitate the interpretation of multiple 
interactions. Readers are referred to Tables 3 .2  and 3.3 for a complete 
summary of all data and statistics.
Gain, feed intake, and gaimfeed ratios were affected by dietary P, Ca, 
and SZA and by the interaction of these dietary additives (Figure 3.1). 
Incremental additions of P to the basal diet improved (P <  .01) gain, feed 
intake, and gain:feed ratios of chicks fed diets supplemented with SZA or Ca. 
This improvement in performance was greater between .41 and .55%  P than 
between .55 and .69% P (quadratic, P < .01), especially in gain:feed ratio.
TABLE 3 .2 .  T reatm ent m ean s and pooled  standard errors for all resp o n se  variables
p, %
Ca, % 
SZA,' % 
Ca:P ratio
.41
.60
0
1.46
.55
.60
0
1.09
.69
.60
0
.87
.41
1.00
0
2.44
.55
1.00
0
1.82
.69
1.00
0
1.45
.41
.60
.75
1.46
.55
.60
.75
1.09
.69
.60
.75
.87
.41
1.00
.75
2.44
.55
1.00
.75
1.82
.69
1.00
.75
1.45
Pooled
SEM
IIOS^ IVIIBS failBUIBB
Gain, g/14 D 21 289 255 151 257 282 131 254 285 117 244 273 7
Feed intake, g/14 D 311 392 354 239 343 370 221 360 384 198 330 361 8
Gain:feed, g/kg 701 738 709 632 752 759 589 707 741 594 742 756 15
Plasma Ca, mg/dL 9.72 9.18 9.31 12.32 10.82 9.68 10.13 9.32 9.54 11.63 11.16 9.24 .53
Plasma P, mg/dL 2.39 5.82 5.76 2.08 2.37 5.65 1.91 3.27 5.75 1.48 1.97 4.41 .25
Plasma AP,2 IU/L 2868 2590 2817 2953 2541 2217 2370 3049 2139 3788 2455 2658 380
Tibia ash, % 35.63 48.63 48.71 29.61 44.77 51.39 27.38 44.73 50.57 27.96 40.52 49.70 .61
Tibia density, g/cm3 1.145 1.199 1.200 1.124 1.184 1.229 1.122 1.178 1.213 1.129 1.167 1.210 .004
Tibia shearing force
Fresh, kg 13.15 27.08 27.50 10.38 23.90 38.45 15.23 22.68 31.58 16.35 20.23 35.95 1.92
Dry, fat-free, kg 7.40 16.43 15.98 5.35 14.93 20.30 6.43 12.40 16.33 5.72 11.05 18.88 1.11
Tibia ash composition
Ca, % 40.07 39.66 39.55 40.74 39.96 39.56 39.36 39.93 39.72 38.26 39.85 40.15 .49
P, % 17.66 18.70 18.96 17.37 17.99 17.69 18.31 18.03 17.76 17.23 17.92 18.42 .42
Cu, f jg lg 9.89 5.39 5.15 10.33 6.00 4.39 13.62 6.37 4.83 12.75 7.28 5.13 .53
Zn, pg/g 509.3 419.1 409.1 501.7 439.6 401.2 580.9 499.6 433.0 532.7 536.1 462.6 17.96
Mn, pg/g 16.70 10.83 10.73 18.28 12.68 9.59 24.45 18.02 13.77 23.20 15.70 13.53 .68
Al, pg/g 25.08 16.42 20.82 30.14 21.42 16.48 41.44 21.93 19.89 67.99 34.02 15.71 30.17
'SZA = Sodium zeolite A.
2AP = Plasma alkaline phosphatase.
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TABLE 3 .3 .  Probability v a lu es  for all main e f fe c t s  and in teractions
Variable SZA' Plin2 P quad3 Ca Ca x SZA
Plin 
x SZA
P quad 
x SZA
Plin 
x Ca
P quad 
x Ca
P lin x 
SZA x Ca
P quad x 
SZA x Ca
Gain .001 .001 .001 .001 .153 .001 .932 .001 .593 .001 .439
Feed intake .001 .001 .001 .001 .248 .001 .519 .001 .181 .001 .501
Gain:feed .003 .001 .001 .321 .249 .001 .600 .003 .183 .011 .978
Plasma Ca .991 .001 .819 .001 .396 .962 .581 .011 .292 .781 .412
Plasma P .001 .001 .042 .001 .359 .797 .006 .322 .001 .123 .001
Plasma AP* .722 .053 .773 .558 .160 .596 .730 .150 .154 .844 .070
Tibia ash .001 .001 .001 .001 .212 .001 .036 .001 .001 .001 .222
Tibia density .001 .001 .001 .275 .997 .245 .010 .001 .002 .001 .436
Tibia shearing force
Fresh .817 .001 .931 .234 .771 .241 .010 .004 .012 .062 .664
Dry, fat-free .018 .001 .021 .743 .944 .881 .014 .004 .080 .328 .895
Tibia ash composition
Ca .187 .690 .657 .894 .307 .007 .252 .533 .860 .119 .804
P .630 .061 .354 .059 .235 .411 .459 .519 .873 .026 .979
Cu .001 .001 .001 .715 .963 .001 .429 .999 .144 .116 .762
Zn .001 .001 .639 .716 .837 .736 .067 .136 .101 .133 .691
Mn .001 .001 .001 .520 .013 .005 .820 .380 .977 .058 .061
Al .012 .001 .061 .136 .368 .010 .417 .092 .927 .428 .833
tSZA=Sodium zeolite A.
2P tin = Phosphorus linear effect.
3P quad =Phosphoru8 quadratic effect. 
4AP = Plasma alkaline phosphatase.
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FIGURE 3.1. Growth (A), feed intake (B), and gain:feed ratio (C) of chicks 
fed graded levels of P (.41, .55, and .69%) with .6% Ca without SZA (o), 
1% Ca without SZA (•), .6% Ca with SZA (v), or 1 % Ca with SZA (r)  ± 
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63
The incremental addition of P to diets without supplemental Ca and SZA also 
resulted in a quadratic response in these  performance variables. The .55% P 
level improved gain, feed intake, and gaimfeed ratio compared with the .41 %P 
level. However, the subsequent addition of .15% P to the .55%  P diet reduced 
these  performance variables (P linear by SZA by Ca, P < .01).
The incremental addition of P to the basal diet linearly reduced plasma 
Ca in chicks fed 1 % Ca (Figure 3.2), but dietary P had no effect on plasma Ca 
levels of chicks fed .6% Ca (P linear by Ca, P <  .02). Dietary SZA had no 
effect (P >  .9) on plasma Ca.
Dietary P supplementation generally increased (P < .01) plasma P (Figure 
3.2). However, the increase in plasma P was dependent on the level of P in the 
diet and on the presence of SZA, Ca, or both (P quadratic by SZA by Ca, 
P <  .01). Without SZA or additional Ca in the diet, plasma P w as maximized 
at the .55% dietary P level and no further increase in plasma P w as observed 
at the .69%  level. With only SZA in the diet, plasma P was increased slightly 
at the .55%  dietary P level and w as maximized at the .69%  level. With only 
the additional Ca in the diet, plasma P was not increased at the .55%  dietary 
P level but was maximized at the .69%  P level. With the combination of SZA 
and Ca in the diet, plasma P w as not increased at the .55%  dietary P level, and 
although plasma P w as increased at the .69% P level, it w as not maximized.
Plasma alkaline phosphatase w as not affected (P >  .5) by either SZA or 
Ca (Tables 3.2 and 3.3). Plasma alkaline phosphatase tended [P < .06) to
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FIGURE 3.2. Plasma Ca (A) and P (B) content of chicks fed graded levels of P 
(.41, .55, and .69%) with .6% Ca without SZA (o), 1% Ca without SZA (•), 
.6% Ca with SZA (v), or 1% Ca with SZA (▼) ± Pooled SEM; SZA = sodium 
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decrease as dietary P level increased (2,995, 2 ,659, and 2 ,458 IU/L for the 
.41, .55, and .69% dietary P levels, respectively).
Tibia ash, density, and shearing force responded similarly to dietary 
treatment (Figure 3.3) and not unlike the response observed with plasma P. 
Dietary P supplementation linearly increased (P <  .01) each of these bone 
parameters. The addition of Ca, SZA or both decreased tibia ash and density 
in chicks fed diets containing .41 or .55%  P. However, the addition of Ca or 
SZA, or both increased tibia ash and density in chicks fed .69% P (P linear by 
Ca by SZA, P < .01). Dry, fat-free shearing force followed trends similar to 
those observed in tibia ash and density (P linear by Ca by SZA, P < .07). 
Although both dry, fat-free, and fresh tibia shearing force responded similarly 
to dietary treatment, approximately 11 kg (47%) more force was required to 
shear fresh tibia than to shear dry, fat-free tibia.
Dietary Ca had no effect (P > .8) on the Ca content of tibia ash (Figure 
3.4). The incremental addition of P to the basal diet linearly decreased the Ca 
content of tibia ash in chicks not fed SZA but increased tibia Ca in chicks fed 
SZA (P linear by SZA, P < .01). This interaction also demonstrated that SZA 
decreased tibia Ca in chicks fed low-P diets. Phosphorus supplementation 
tended to increase tibia P in chicks fed .6% Ca without added SZA and in 
chicks fed 1.0% Ca regardless of SZA addition (Figure 3.4). However, dietary 
P supplementation decreased tibia P in chicks fed .6% Ca with added SZA 
(P linear by Ca by SZA, P < .03). Tibia Ca and P content expressed as a
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percentage of dry, fat-free tibia (as opposed to tibia ash), mimicked the 
treatm ent responses observed for tibia ash and density (data not shown). 
Selected trace mineral composition of tibia ash is presented in Figure 3.5.
Tibia ash, Cu, Zn, and Mn concentrations were increased (P < .01) by 
SZA, but incremental addition of dietary P reduced (P <  .01) these  trace 
elements. The dietary P-induced decreases in tibia Cu and Mn concentrations 
were greater in chicks fed SZA than in those not fed SZA (P linear by SZA, P 
<  .01) and this effect w as most evident with the initial supplementation of P 
to the basal diet. A similar trend was observed for tibia Zn concentration (P 
quadratic by SZA, P < .07). Dietary Ca did not affect (P >  .7) tibia Cu and Zn 
concentrations. Dietary Ca increased tibia Mn in chicks not fed SZA but 
decreased tibia Mn in chicks fed SZA (Ca by SZA, P <  .02).
Dietary P supplementation linearly decreased (P < .01) tibia ash Al 
content, but dietary SZA increased (P <  .02) tibia Al content (Figure 3.5). The 
SZA-induced increase in tibia Al content was much greater in chicks fed .41 % 
P than in those fed higher levels of P (P linear by SZA, P <  .02).
DISCUSSION
Gain, feed intake, and gain:feed ratio followed expected trends related 
to Ca, P, and the Ca:P content of the respective dietary treatm ents (Table 3.2). 
These data support the generally recognized recommendations for Ca, P, and 
Ca:P ratio recently reviewed by Waldroup (1989). As expected, the adverse
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effects of feeding a low-P diet were exacerbated by Ca supplementation. The 
adverse effects observed from supplementing low-P diets with Ca were 
mimicked by SZA. The data of Moshtaghian et al. (1991) showed that chicks 
fed P-deficient diets with added SZA required more supplemental P to maximize 
weight gain and feed efficiency than chicks fed P- deficient diets without SZA. 
The present study showed that feeding a diet deficient in P depressed growth 
and feed efficiency. Moreover, this effect was exacerbated by the dietary 
addition of SZA, Ca, or the combination of both, indicating that SZA either 
inhibited P utilization or enhanced Ca utilization.
Although SZA had no effect on plasma Ca in this study and in previous 
studies in the authors' laboratory (Ward et al., 1990; Watkins and Southern, 
1991), SZA has been shown to increase plasma Ca (Roland et al., 1989; Leach 
et al., 1990). The incremental addition of P linearly reduced plasma Ca in 
chicks fed 1 % Ca but had no effect on chicks fed .6% Ca. Plasma Ca was 
directly related to dietary Ca:P ratio, although all chicks fed diets with a Ca:P 
ratio below 1.6 had similar plasma Ca levels (Table 3.2).
The supplementation of the basal diet with P increased plasma P in a 
manner similar to that reported by Gardiner (1962). The addition of SZA, Ca, 
and both SZA and Ca to diets containing .55% P reduced plasma P and this 
effect was most evident when SZA was added to diets containing 1 % Ca. 
Others also have reported that SZA reduces plasma P (Leach eta!., 1990; Ward 
et a!., 1990; Watkins and Southern, 1991).
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Plasma alkaline phosphatase levels tended to decrease as plasma and 
dietary P increased. An inverse relationship between P and alkaline 
phosphatase has been reported previously (Njoku et al., 1980; Boyd et al., 
1983). The SZA-induced reduction in plasma alkaline phosphatase previously 
reported (Watkins and Southern, 1991) was not observed in this study.
The influence of dietary treatment on tibia ash and density was nearly 
identical to that observed for gain and feed efficiency, indicating that these 
bone characteristics also responded to alterations in dietary Ca, P, and Ca:P 
ratio. The addition of SZA, supplemental Ca, or both of these ingredients 
exacerbated the adverse effects of feeding low-P diets but alleviated the 
adverse effects of feeding high-P, low-Ca diets. Edwards (1988) also reported 
that the addition of SZA to diets low in P reduced bone ash.
In the present study, 43%  less force was required to shear dry, fat-free 
tibia compared with fresh tibia; however, treatment responses were nearly 
identical between the two processing methods. Lott et al. (1980) also reported 
that drying bones reduced breaking strength by approximately 50%. However, 
Orban et al. (1991) reported that processing method had no effect on bone 
mineral content, density, and strength, and in a previous study in the authors' 
laboratory (Watkins and Southern, 1991) only 4%  more force was required to 
break fresh tibia compared with dry, fat-free tibia. Because identical 
procedures were used to prepare and shear bones, the differences between 
these  two studies remain unexplained.
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The increased tibia Mn content of chicks fed SZA w as observed 
previously (Watkins and Southern, 1991). In addition, the present study 
demonstrated that tibia Mn content w as inversely related to dietary P. 
Wedekind and Baker (1990) also reported that P depresses Mn utilization. 
Therefore, the increased tibia Mn observed in chicks fed SZA could merely be 
a function of less P available to inhibit Mn utilization.
The increase in tibia Zn observed in chicks fed SZA previously has been 
described by Ward et al. (1990) and Watkins and Southern (1991), and Chiang 
and Yeo (1983) reported that SZA increased Zn utilization in 6-wk-old broilers. 
However, Laurent et al. (1991) reported that 6-wk-old broilers receiving SZA 
had lower liver Zn levels. Zinc is ranked first on the cation selectivity profile of 
SZA and SZA is known to exchange associated cations with Zn (Breck, 1974). 
Therefore, the binding of Zn by intact SZA may have allowed for enhanced 
absorption. Tibia Cu was increased in chicks fed SZA and this effect w as most 
evident in chicks fed low levels of P. Copper is not listed in the divalent 
selectivity profile of SZA. However, SZA's binding of Zn, a divalent cation 
known to antagonize Cu utilization (Davis and Mertz, 1987), might have 
allowed for better Cu utilization. Interactions among SZA, Ca, phytate P, and 
various trace minerals also may have contributed to the observed treatment 
effects on tibia Zn and Cu.
The accumulation of Al in tibia of chicks fed SZA suggests  that at least 
some of the Al associated with SZA is absorbed. Chicks fed low levels of P
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had the greatest SZA-induced increase in tibia Al, but chicks fed recommended 
(National Research Council, 1984) Ca and P levels did not accumulate Al. 
Leach et al. (1990) also showed that chicks fed SZA had increased bone Al and 
that dietary Ca supplementation reduced bone Al content. Sodium zeolite A is 
hydrolyzed to various silicate and aluminate compounds at pH 5 or less (Cook 
et al., 1982). Such components in the intestine of the chick would be available 
to influence the utilization of other nutrients or to be absorbed. The fact that 
increasing amounts of Al were retained in the tibia of chicks fed decreasing 
amounts of P further supports the theory that the effects of SZA on mineral 
utilization and bone and eggshell formation might be mediated through the well- 
documented antagonism between Al and P (Hussein et al., 1989; Rossi et al., 
1990). In P-supplemented diets, more P would be available to bind with Al, 
possibly creating insoluble aluminophosphate compounds less available for 
absorption. Without excess P present in the gut of chicks fed low levels of P, 
more of the Al liberated during the gastric hydrolysis of SZA could be available 
for absorption.
In addition to the release of Al, Si(OH)4 is formed during the hydrolysis 
of SZA and Si has been proposed to be a basis for activity (Wiegand et a/., 
1991; Rabon et al., 1991b). Carlisle demonstrated that Si is required for 
normal growth (Carlisle, 1972) and bone and cartilage formation (Carlisle, 
1980) in chicks, and has suggested that dietary Si is involved with P during 
bone formation and influences the Ca:P ratio of the bone (Carlisle, 1986).
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Although the present data support reports that the effects of SZA are 
influenced by dietary Ca, P, or the combination of both (Roland et a!., 1985; 
Edwards, 1988; Watkins et al., 1989; Leach et al., 1990; Watkins and 
Southern, 1991), no mode of action has been proposed that would completely 
explain the reported effects of SZA on growth, bone formation, eggshell 
quality, and tissue mineral partitioning. The varied and often conflicting reports 
suggest that SZA has more than one biological influence. The effects of 
various Si and Al compounds formed during the hydrolysis of SZA or the intact 
molecular binding properties of SZA have the most potential for involvement. 
Knowing to what extent SZA breaks down in the gastrointestinal tract of the 
chicken would be beneficial in elucidating these mechanisms. If little or none 
of the SZA molecule is left intact, then the ion-exchange properties would 
probably not be the basis of activity and either biological effects attributed to 
Si or Al, or their interaction with other luminal components would likely be 
responsible. The paralleled response observed in the current study between Ca 
supplementation and SZA inclusion supports reports that SZA either increases 
Ca utilization, decreases P utilization, or both. Although it is difficult to 
differentiate the effects of one from the other, the increased tibia Al 
accumulation in chicks fed low-P diets supports the theory that Al from SZA 
decreases P utilization.
CHAPTER 4
Effect of Dietary Sodium Zeolite A on Zinc Utilization by Chicks31
ABSTRACT Two experiments were conducted with chicks from 5 to 15 days 
posthatching to study the effect of sodium zeolite A (SZA) on Zn utilization. 
The corn-soybean meal basal diet was supplemented with ZnC03 to provide 
three levels of dietary Zn, (35, 40, and 85 ppm) in Experiment 1, and two 
levels of dietary Zn (85 and 4 ,000  ppm) in Experiment 2. Experimental diets 
also contained either 0  or .75% SZA resulting in a 3 x 2 and a 2 x 2 factorial 
arrangement of treatments in Experiments 1 and 2, respectively. The tendency 
for increased growth, feed intake, and hematocrit in chicks fed Zn 
supplemented diets in Experiment 1 suggests that the 35 ppm level of Zn in the 
basal diet w as marginal for chicks. Both supplemental Zn and SZA increased 
(P <  .02) hematocrit and plasma, pancreas, and tibia Zn and decreased 
{P <  .02) tibia Cu. Sodium zeolite A increased (SZA x Zn interaction, P <  .03) 
tibia Al and tended to increase (SZA x Zn interaction, P < .09) liver Fe in 
chicks fed either 35 or 85 ppm Zn, but SZA had no effect on tibia Al and liver 
Fe in chicks fed 40  ppm Zn. In Experiment 2, both SZA and excess dietary Zn
31A copy of the publisher's permission to reprint this chapter is presented 
in Appendix D.
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decreased gain, feed intake, gain:feed, hematocrit, hemoglobin, and plasma 
alkaline phosphatase (AP) activity, and increased tibia, liver, and pancreas Zn, 
and tibia Al. In addition, excess Zn increased (P <  .05) plasma Zn and liver Al 
but decreased (P <  .01) plasma, liver, and pancreas Cu and percentage of tibia 
ash. The addition of SZA enhanced the adverse effects of excess Zn by further 
decreasing feed intake, hematocrit, hemoglobin, and plasma AP and Cu and by 
increasing tibia Al and liver Zn. Sodium zeolite A increased pancreas (P <  .09) 
and tibia (P <  .03) Zn regardless of dietary Zn concentration; however, SZA 
increased plasma Zn only in chicks fed 85 ppm Zn (SZA x Zn interaction, 
P <  .03). Sodium zeolite A tended to improve Zn utilization in chicks fed 
inadequate Zn but exacerbated the adverse effects of feeding excess Zn. The 
addition of SZA to the diet of chicks fed inadequate, adequate, or toxic levels 
of Zn results in increased tissue Zn concentration.
INTRODUCTION
Sodium zeolite A32 (SZA), a synthetic hydrated sodium aluminosilicate 
(molecular formula; Na^KAIOjI^SiC^)^] • 27H20), can lose and gain water, and 
exchange cations without disrupting its molecular structure (Breck, 1974). The 
effects of dietary SZA on poultry have been investigated extensively. Because 
SZA has a high ion selectivity for Ca, most of the research has concentrated
32Sodium zeolite A (Ethacal® Feed Component) is a product of Ethyl Corp., 
Baton Rouge, LA 70801.
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on the effects of SZA on Ca and P utilization, eggshell quality, and bone 
development, composition, and strength. Sodium zeolite A also exchanges 
associated cations with Zn, and Zn is ranked first on the cation selectivity 
profile of SZA (Zn >  Sr >  Ba > Ca > Co >  Ni > Cd > Hg). However, few 
studies have specifically investigated the effects of SZA on Zn utilization. 
Ward et al. {1990) and Watkins and Southern (1991) reported that the 
concentration of Zn in bone was increased in chicks fed SZA, and others have 
reported that SZA increases bone Zn (Ward et al., 1991) and liver Zn (Pond and 
Yen, 1983) in pigs. Chiang and Yeo (1983) also reported that a naturally 
occurring zeolite increased Zn utilization in broilers. Therefore, this study was 
conducted to determine whether dietary SZA influences tissue Zn concentration 
in chicks fed inadequate, adequate or excess dietary levels of Zn. The 
influence of dietary SZA, Zn and their interactive effects on growth, plasma 
constituents, and tissue trace mineral concentrations were evaluated.
MATERIALS AND METHODS
Unsexed Arbor Acres x Peterson broiler chicks from a commercial 
hatchery33 were used in this investigation. From hatching to 4  days 
posthatching, chicks in Experiment 1 were fed a corn-soybean meal diet (Table 
4.1) without supplemental Zn (35 ppm total dietary Zn), and chicks in 
Experiment 2 were fed a corn-soybean meal diet (Table 4.1) containing 85 ppm
33Sanderson Farms, Laurel, MS 39440.
TABLE 4 .1 .  D ietary C om position 1
Ingredient 1
Experiment
2
Corn 46.39
--------(% )---------
45.64
Soybean meal (44% CP) 42.50 42.50
Corn oil 5.00 5.00
Alfalfa leaf meal 2.00 2.00
Defluorinated rock phosphate 2.10 2.10
Limestone .40 .40
NaCI .40 .40
Vitamin mix2 .25 .25
DL-methionine .15 .15
MnS(VH20 .05 .05
ZnC03 — .01
Treatment additions3 .76 1.50
Calculated composition (National Research Council, 1984) of the basal diet: 
crude protein, 23%; lysine, 1.48%; methionine, .52%; cystine, .37%; 
metabolizable energy, 3,000 kcal/kg; Ca, 1%; total P, .8% (.5% available P).
2Roche Chemical Division, Nutley, NJ 07110. Provided the following per kg 
of diet: retinyl acetate, 6,614 IU; cholecalciferol, 1,653 IU; dl-alpha-tocopheryl 
acetate, 7 IU; vitamin B12, 11 //g; riboflavin, 6.6 mg; niacin, 33.1 mg; 
d-pantothenic acid, 11.0 mg; choline, 551 mg; menadione, 1.5 mg; folic acid,
.7 mg; pyridoxine, 1.1 mg; thiamin, 1.1 mg; d-biotin, 55 fjg.
3Zinc carbonate (ZnC03) was added to the basal diet at the expense of silica 
flour in order to provide the desired dietary Zn concentrations. These diets 
were then divided and either SZA or silica flour was added to provide the 0 and 
.75% SZA diets. In Experiment 1, the 35, 40, and 85 ppm diets were analyzed 
to contain 34.9, 41.9, and 81.2 ppm Zn, respectively. In Experiment 2, the 85 
and 4,000 ppm diets were analyzed to contain 86.5 and 4,008 ppm Zn, 
respectively.
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total dietary Zn. After an overnight fast, chicks were weighed and randomly 
assigned to treatment groups on the basis of body weight (average initial 
weight w as 73 .8  g in Experiment 1 and 70 .0  g in Experiment 2). Chicks were 
provided continuous fluorescent lighting and penned in heated, thermostatically 
controlled (mean temperature 35 C) stainless steel brooder batteries with raised 
wire floors. Four replicates of five chicks each were assigned to each 
treatm ent and fed their experimental diets from 5 to 15 days posthatching. 
Chicks were allowed ad libitum  access to feed and water.
The treatment diets used in Experiment 1 were formulated to contain 
three levels of dietary Zn (35, 40, and 85 ppm) and two levels of SZA (0 and 
.75%) resulting in a 3 x 2 factorial arrangement of treatments. The 35 ppm 
level of Zn provided 85%  of the Zn requirement for chicks [National Research 
Council (NRC), 1984]. In Experiment 2, the treatments diets were formulated 
to contain two levels of dietary Zn (85 and 4 ,000  ppm) and two levels of SZA 
(0 and .75%) resulting in a 2 x 2 factorial arrangement of treatments. 
Supplemental dietary Zn was provided by the addition of reagent grade ZnC03 
(certified zinc carbonate)34. Additions of ZnC03 and SZA were made to the 
basal diet (Table 1) at the expense of silica flour.34
At the termination of each experiment, individual chick weights and pen 
feed consumption were determined and a blood sample (2 mL) w as taken from 
each chick via cardiac puncture. Hematocrit and total hemoglobin
^Fisher Chemical Co., Pittsburgh, PA 15219.
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(cyanmethemoglobin method36) were determined on fresh blood. Plasma was 
harvested and alkaline phosphatase (AP) activity w as determined (Bowers and 
McComb, 1966). The remainder of the plasma w as frozen for subsequent 
mineral analyses.
After bleeding, the chicks were killed by cervical dislocation and the liver, 
pancreas, and left tibia were removed for subsequent analyses. Tibiae were 
cleaned of adherent tissue, extracted (Soxhlet) continuously for 48 h in 90%  
ethanol and then for 48 h in anhydrous diethyl ether and dried at 90 C for 24 
h. The dry fat-free tibiae were weighed and dry ashed at 590  C for 20 h. 
Pancreases and livers were dried at 90 C for 24  h, weighed and wet-ashed with 
HN03 and H20 2. The resulting tissue residue was solubilized in trace metal 
grade concentrated hydrochloric acid34 and diluted to a known volume with 
deionized water.
The Zn and Cu content of the tibia ash, plasma, and pancreas were 
determined by flame atomic absorption spectroscopy36. Tibia ash Al, and liver 
Zn, Cu, Fe, and Al were determined using an inductively coupled plasma 
spectrophotometer37.
Data were analyzed by analysis of variance procedures appropriate for a 
factorial arrangement of treatments in a completely random design (Steel and 
Torrie, 1980). Orthogonal single degree of freedom comparisons were used to
35Sigma Chemical Co., St. Louis, MO 63178.
3<sModel 3030B, Perkin-Elmer Corp., Norwalk, CT 06859.
37Series 800 Plasma AtomComp Direct-Reading Spectrometer, Thermo 
Jarrell-Ash Corp., Franklin, MA 02038.
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tes t  main effects and interactions. Data were evaluated for homogeneity of 
variance and when appropriate, were transformed prior to statistical analyses 
[log (y + 1), Steel and Torrie, 1980]. Pen means (four pens per treatment 
group) were used as the experimental unit for all analyses.
RESULTS
Experiment 1, Inadequate Zinc
The dietary addition of SZA had no effect {P > .10) on gain, feed intake, 
or gain:feed ratio regardless of dietary Zn level (Table 4.2). Incremental 
addition of Zn to the basal diet tended to improve gain and feed intake; 
however, this improvement was greater between 35 and 40  ppm Zn than 
between 40  and 85 ppm Zn (Zn quadratic, P <  .10). Dietary Zn concentration 
had no effect [P > .10) on gain:feed ratio.
Dietary addition of SZA increased hematocrit (P <  .01) and tended to 
increase blood hemoglobin (P <  .08) concentration (Table 4.3). The initial 
supplementation of the basal diet with 5 ppm Zn (40 ppm total dietary Zn) 
increased hematocrit and blood hemoglobin concentration, whereas further Zn 
supplementation had no effect on hematocrit (Zn quadratic, P <  .01) and 
tended to decrease blood hemoglobin concentration (Zn quadratic, P <  .08). 
Plasma AP and Cu were not (P > .10) influenced by either dietary Zn or SZA 
(Table 4.3). Plasma Zn (Table 4.3) was increased by the dietary 
supplementation of Zn (Zn linear, P < .02) and SZA [P < .01). However, the 
5 ppm dietary addition of Zn (from 35 to 40  ppm) resulted in an increased 
plasma Zn concentration in chicks not fed SZA but no change in plasma Zn
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TABLE 4 .2 .  Gain, feed  in take, and ga in :feed  o f  ch ick s fed  graded le v e ls
o f  zinc w ith and w ith o u t sod ium  zeo lite  A (Experim ent 1 )1
Zn SZA Gain Feed Gain:feed
(ppm) (%) (g) (g) (g:g)
35 0 251 341 .736
40 0 272 366 .743
85 0 269 357 .753
35 .75 237 314 .752
40 .75 264 350 .754
85 .75 272 360 .755
Pooled SEM 13 15 .009
Main effects
Zn
35 244 328 .744
40 268 358 .749
85 271 359 .754
SZA
0 264 355 .744
.75 258 341 .754
C / m i rAA i i A r i n+ i A n ...... riuuuuuiiy
SZA .529 .295 .194
Zn linear .158 .189 .290
Zn quadratic .097 .075 .693
SZA x Zn linear .513 .358 .436
SZA x Zn quadratic .867 .813 .807
’Data are means of four replicates of five chicks each during the period 5 
to 15 days posthatching. Average initial weight on Day 5 was 73.8  g.
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TABLE 4 .3 .  H em atocrit and h em oglob in , and p lasm a co n cen tra tio n s  o f
alkaline p h o sp h a ta se , z in c , and cop p er o f  ch ick s fed  graded le v e ls
o f zinc w ith  and w ith ou t sod ium  zeo lite  A  (Experim ent 1)
Zn SZA Hematocrit Hemoglobin
Alkaline
phosphatase Zn Cu
( p p m ) ----------- (%) (g/dL) (IU/L) (//g/mL) Ot/g/dL)
35 0 26.50 8.55 3968 1.48 19
40 0 28.38 9.32 4603 2.03 16
85 0 28.50 8.60 2707 2.13 16
35 .75 28.88 9.19 3300 2.43 16
40 .75 30.88 9.45 3544 2.43 15
85 .75 30.50 9.13 3546 2.70 17
Pooled SEM .45 .28 595 .15 1
Main effects
Zn
35 27.69 8.87 3634 1.96 18
40 29.63 9.39 4074 2.23 16
85 29.50 8.87 3127 2.42 17
SZA
0 27.79 8.82 3759 1.88 17
.75 30.09 9.26 3463 2.52 16
Source of variation
SZA .001 .079 .550 .001 .203
Zn linear .020 .372 .197 .014 .885
Zn quadratic .001 .074 .399 .120 .125
SZA x Zn linear .591 .830 .124 .582 .099
SZA x Zn quadratic .852 .373 .639 .084 .303
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concentration of chicks fed .75%  SZA (SZA x Zn quadratic interaction, 
P <  .09).
Neither SZA or Zn affected (P >  .10) percentage tibia ash, tibia Fe, or 
liver Zn, Cu, and Al (Table 4.4). However, both SZA and Zn supplementation 
increased (P <  .01) tibia and pancreas Zn concentration. Dietary SZA 
decreased (P <  .01) tibia Cu and increased (P < .03) pancreas Cu but had no 
effect (P >  .20) on liver Cu concentrations. Supplementing the basal diet with 
5 ppm Zn (40 ppm total dietary Zn) decreased tibia Cu, but further Zn 
supplementation reduced tibia Cu to a lesser degree (Zn quadratic, P < .04). 
Dietary Zn supplementation had no effect (P >  .50) on liver and pancreas Cu 
concentrations. The addition of SZA to the diet of chicks fed either 35 or 85 
ppm Zn tended to increase liver Fe concentration, however, SZA had no effect 
on liver Fe concentration in chicks fed 40  ppm Zn (SZA x Zn interaction, 
P < .09). Dietary SZA increased tibia Al in chicks fed diets containing either 
35 or 85 ppm Zn, but had no effect on chicks fed diets containing 40  ppm Zn 
(SZA x Zn quadratic interaction, P <  .03).
Experiment 2, Excess Zinc
Chicks fed SZA, 4 ,0 0 0  ppm Zn, or the combination of these dietary 
additives had decreased (P < .04) gain, feed intake, and gain:feed ratio 
compared with chicks fed the 85 ppm Zn basal diet (Table 4.5). The excess 
Zn-induced reduction in feed intake was greater in chicks fed SZA (SZA x Zn 
interaction, P <  .05).
TABLE 4 .4 .  T issu e mineral con cen tration  o f  ch icks fed  graded lev e ls  o f  zinc w ith  and w ithout
sod ium  zeo lite  A  (Experim ent 1)
Tibia Liver Pancreas
Zn SZA Ash Zn Cu Fe Al Zn Cu Fe Al Zn Cu
lljpm; I/O| ■
35 0 51.5 322.3 5.68 190.2 39.85 83.5 12.07 146.6 24.53 106.8 4.48
40 0 52.3 395.4 4.71 221.2 50.07 73.8 12.88 157.6 13.07 118.4 4.40
85 0 51.6 443.9 4.18 218.9 39.28 79.2 13.07 137.4 9.54 145.5 4.63
35 .75 51.5 464.2 4.49 208.9 65.75 81.6 13.94 256.7 21.74 163.0 4.87
40 .75 50.7 487.5 3.10 215.6 50.01 79.1 12.31 159.7 14.86 171.1 4.83
85 .75 51.0 512.0 2.89 208.5 46.55 78.7 12.32 160.2 14.26 183.7 4.90
Pooled SEM .5 18.3 .47 14.7 5.19 5.8 .97 28.6 6.45 7.5 .19
Main effects
Zn
35 51.5 393.3 5.09 199.6 52.80 82.6 13.0 201.7 23.14 134.9 4.68
40 51.5 441.5 3.91 218.4 50.04 76.5 12.6 158.7 13.97 144.8 4.62
85 51.3 478.0 3.53 213.7 42.92 79.0 12.7 148.8 11.90 164.6 4.77
SZA
0 51.8 387.2 4.86 210.1 43.07 78.8 12.7 147.2 15.71 123.6 4.50
.75 51.1 487.9 3.49 211.0 54.10 79.8 12.8 192.2 16.95 172.6 4.87
Source of variation
SZA .880 .001 .002 .943 .018 .843 .822 .070 .817 .001 .028
Zn linear .669 .001 .018 .631 .069 .844 .871 .180 .205 .001 .494
Zn quadratic .189 .059 .033 .230 .725 .314 .689 .183 .207 .344 .689
SZA x Zn linear .162 .157 .929 .468 .405 .871 .258 .412 .625 .218 .677
SZA x Zn quadratic .695 .350 .646 .455 .026 .531 .254 .086 .760 .907 .870
TABLE 4 .5 .  Gain, feed  in take, and ga in :feed  o f  ch ick s fed  8 5  and
4 ,0 0 0  ppm  zinc w ith  and w ith o u t sod ium  zeo lite  A  (Experim ent 2 )1
Zn SZA Gain Feed Gain:feed
(ppm) (%) - ( g ) ------------ (g:g)
85 0 289 366 .789
4 ,000  0 195 299 .655
85 .75 267 351 .761
4 ,000  .75 154 260 .590
Pooled SEM 7 5 .019
Main effects
Zn
85 278 359 .775
4 ,000 175 280 .623
SZA
0 242 333 .722
.75 211 306 .676
Source of variation n  uuuuimy
SZA .001 .001 .033
Zn .001 .001 .001
SZA x Zn .181 .047 .369
1Data are means of four replicates of five chicks each during the 
period 5 to 15 days posthatching. Average initial weight on Day 5 
was 70.0  g.
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The dietary addition of SZA had no significant effect or tended to slightly 
increase hematocrit and hemoglobin in chicks fed 85 ppm Zn (Table 4.6), but 
markedly decreased these blood constituents in chicks fed 4 ,0 00  ppm Zn (SZA 
x Zn interaction, P <  .03). Sodium zeolite A decreased plasma AP in chicks 
fed 85 ppm Zn, but did not affect AP in chicks fed 4 ,000  ppm Zn (SZA x Zn 
interaction, P <  .02). Although SZA decreased plasma Zn and Cu in chicks fed 
excess Zn, it increased both of these plasma constituents in chicks fed diets 
containing 85 ppm Zn (SZA x Zn interaction, P <  .03). Excess Zn decreased 
(P < .01) hemoglobin, hematocrit, and plasma AP and Cu, and increased (P < 
.01) plasma Zn.
Chicks fed excess Zn had decreased [P <  .01) tibia ash content, but SZA 
did not (P >  .20) influence this response (Table 4.7). Dietary SZA increased 
(P <  .03) the Zn content of tibia and liver, and tended (P <  .07) to increase 
the Zn content of the pancreas (Table 4.7). Excess Zn decreased (P <  .01) 
tibia Fe, and pancreas and liver Cu concentrations, and increased (P < .05) 
tibia, liver, and pancreas Zn, and liver Al concentrations. Both excess Zn and 
SZA slightly increased tibia Al concentration, but the two dietary additions in 
combination markedly increased tibia Al (SZA x Zn interaction, P <  .01).
DISCUSSION
The tendency for increased growth and feed intake in chicks fed Zn- 
supplemented diets in Experiment 1 suggests that the unsupplemented basal
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TABLE 4 .6 .  H em atocrit and h em og lob in , and p lasm a co n cen tra tio n s o f  alkaline
p h o sp h a ta se , z in c , and cop p er o f  ch ick s fed  8 5  and 4 ,0 0 0  ppm  zinc
w ith  and w ith o u t sod ium  zeo lite  A (Experim ent 2)
Zn SZA Hematocrit Hemoglobin
Alkaline
phosphatase Zn Cu
(ppm) -----------  (% ) ----------- (g/dL) (U/L) Ot/g/mL) Oc/g/mL)
85 0 27.88 11.49 5211 2.08 10
4,000 0 19.75 7.29 1531 6.93 4
85 .75 29.13 11.55 3949 2.53 12
4,000 .75 15.00 5.34 1642 5.98 2
Pooled SEM .91 .40 230 .27 1
Main effects
Zn
85 28.51 11.52 4580 2.31 11
4,000 17.38 6.32 1587 6.46 3
SZA
0 23.82 9.39 3371 4.51 7
.75 22.07 8.45 2796 4.26 7
Cai irpo o f  Artd o u r c u  ot v ar ia tion ' rTUUdUmty
SZA .078 .037 .028 .373 .999
Zn .001 .001 .001 .001 .001
SZA x Zn .006 .028 .012 .024 .017
TABLE 4 .7 .  T issu e  mineral co n cen tra tio n s o f  ch ick s fed  8 5  and 4 ,0 0 0  ppm zinc w ith and w ith ou t
sod ium  zeo lite  A  (Experim ent 2)
Tibia Liver Pancreas
Zn SZA Ash Zn Cu Fe Al Zn Cu Fe Al Zn Cu
lun/n nf Hr\t ticciio)IPPITIJ (70/ l//y/y isi uiy uaauoj
85 0 51.3 466.0 4.86 222.5 39.47 80.8 16.19 221.9 11.20 137.5 5.41
4,000 0 48.1 4805.5 4.45 138.4 45.88 951.7 9.64 158.4 21.79 5061.8 3.75
85 ,75 50.7 529.3 5.15 236.3 51.83 88.7 14.99 281.9 16.50 162.6 4.81
4,000 .75 47.3 5353.6 4.55 127.4 114.71 1392.7 8.63 225.1 25.90 5905.5 3.64
Pooled SEM .7 215.9 .34 6.8 4.74 70.8 .90 36.8 4.43 192.5 .35
Main effects
Zn
85 51.0 497.7 5.01 229.4 45.65 84.8 15.59 251.9 13.85 150.1 4.98
4,000 47.7 5079.6 4.50 132.9 80.30 1172.2 9.14 191.8 23.85 5483.7 3.70
SZA
0 49.7 2635.8 4.66 180.5 42.68 516.3 12.92 190.2 16.50 2599.7 4.45
.75 49.0 2941.5 4.85 181.9 83.27 740.7 11.81 253.5 21.20 3034.1 4.23
Source of variation
SZA .239 .020 .573 .837 .001 .011 .246 .111 .309 .069 .546
Zn .001 .001 .156 .001 .001 .001 .001 .128 .044 .001 .004
SZA x Zn .860 .859 .779 .093 .001 .086 .918 .928 .896 .844 .756
co<£>
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diet w as marginal in Zn. Increases in hematocrit and hemoglobin levels and 
plasma, tibia, and pancreas Zn levels also suggest that the Zn content of the 
basal diet was not adequate. These results agree with the findings of O'Dell 
et al. (1958) and Young et al. (1958), who reported that the Zn requirement 
for chicks fed diets based on soy protein was in the 30  to 50 ppm range, and 
agree with the current NRC (1984) recommendation of 40  ppm. The excess 
Zn-induced reduction in gain, feed intake, and gaimfeed ratios observed in 
Experiment 2 also has been reported by Johnson eta l. (1962) and by Southern 
and Baker (1983).
Sodium zeolite A had no effect on gain, feed intake, and gain:feed ratio 
in Experiment 1, but reduced these parameters in Experiment 2. In Experiment 
2, SZA exacerbated the adverse effects of excess Zn on growth and feed 
efficiency.
Although dietary SZA had no effect on growth, feed intake or feed 
efficiency in Experiment 1, plasma, tibia, and pancreas Zn concentrations were 
increased by SZA, indicating improved Zn utilization by chicks fed SZA. Dietary 
SZA also increased tibia, liver, and pancreas Zn content in Experiment 2 
regardless of dietary Zn concentration. Previous studies have shown that SZA 
increases tibia Zn (Watkins and Southern, 1991), and Chiang and Yeo (1983) 
reported that a naturally occurring zeolite increased Zn utilization in chickens.
The activity of AP, a Zn-dependent metalloenzyme, has been shown to 
decrease in tissues of chickens fed Zn-deficient diets (Lease, 1972); however, 
plasma AP was not influenced by dietary Zn concentration in Experiment 1.
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The lack of response in plasma AP activity in Experiment 1 may have occurred 
because the chicks in this experiment were subjected only to marginal Zn 
inadequacy. In addition, Davies and Motzok (1971) reported that although tibia 
and intestinal AP activity decreased during severe Zn deficiency, liver AP 
increased. In Experiment 2, excess Zn (4,000 ppm) decreased both tibia ash 
and plasma AP. The reduced feed intake observed in chicks fed 4 ,0 0 0  ppm Zn 
might have influenced plasma AP activity because starvation has been shown 
to reduce AP in chickens (Bide and Dorward, 1970).
Dietary Zn supplementation decreased tibia Cu concentrations in 
Experiment 1 and plasma, liver, and pancreas Cu concentrations in Experiment 
2. The dietary addition of SZA exacerbated the Zn-induced reduction in tibia 
(Experiment 1) and pancreas (Experiment 2) Cu. Zinc is known to antagonize 
Cu utilization possibly by way of induced metallothionein synthesis (Fischer et 
at., 1983; Davis and Mertz, 1987), and excess Zn has been show n to reduce 
tissue Cu concentrations in chickens (Southern and Baker, 1983; Stahl et at., 
1989).
Excess Zn decreased hematocrit, hemoglobin, and tibia Fe, and 
numerically reduced liver Fe. Sodium zeolite A exacerbated the adverse effects 
of feeding 4 ,00 0  ppm Zn on hematocrit and hemoglobin but increased these 
blood parameters and tended to increase liver Fe concentration in chicks fed 
dietary Zn levels between 35 and 85 ppm. Southern and Baker (1983) and 
Parsons et a!. (1989) also found that excess Zn reduced hematocrit and 
hemoglobin in chicks. Zinc toxicity results in hyperchromic, microcytic anemia
9 2
in rats, and Stahl eta l. (1989) demonstrated that chicks fed excess Zn retained 
less 59Fe and had lower tibia Fe concentrations.
The increased accumulation of Al in the tibia of chicks fed SZA has been 
reported previously by the authors' (Watkins and Southern, 1991) and by Leach 
eta l. (1990). Excess Zn exacerbated the SZA-induced increase in tibia Al. The 
increased tibia Zn accumulation in chicks fed 4 ,000  ppm Zn may have been a 
result of a general detoxification response. If this induced accumulation of 
excess minerals in the bone is nonspecific, it might explain the subsequent 
increase in tibia Al accumulation. It is interesting to note that tibia Pb and Mo 
concentrations also increased in the tibia of chicks fed excess Zn (tibia Pb and 
Mo concentrations for chicks fed 0 and 4 ,000  ppm Zn were: Pb, 131.3  and 
341 .2  //g per g of ash; Mo, .59 and 4 .14  //g per g of ash).
These studies demonstrate that SZA increases tissue Zn concentrations 
in chicks fed inadequate, adequate, and excess Zn. Sodium zeolite A tended 
to improve Zn utilization in chicks fed inadequate dietary Zn but exacerbated 
the adverse effects of feeding excess Zn. The ion-exchange affinity of SZA for 
Zn might be responsible for this increase in Zn utilization because other metal- 
complexing agents have been shown to improve Zn utilization in birds (Vohra 
and Kratzer, 1964; Pimentel e ta l., 1991). Oberleas et al. (1966) reported that 
EDTA increased Zn availability in the rat possibly by competing with phytate 
and forming a Zn-EDTA complex, which improved Zn absorption. Pond and 
Yen (1983) suggested that the SZA-induced increase in liver Zn in pigs w as due
9 3
to selective binding and subsequent release of Zn by SZA at an intestinal site
conducive to absorption.
In Experiment 2, excess Zn decreased tibia ash Ca levels in chicks not 
fed SZA but did not affect tibia ash Ca levels in chicks fed SZA (Figure 4.1). 
Excess Zn has been shown to increase lumenal P content in the intestine of the 
rat (Magee, 1985). The SZA or the Si or Al associated with SZA could bind 
with this excess P and prevent the formation of insoluble phosphate salts with 
cations such as Zn and Ca. This concept has been discussed in more detail by 
Elliot and Edwards (1991), Roland et al. (1991), and Watkins and Southern 
(1992), and suggests that the effect of SZA on Zn (and Ca) utilization may be 
a secondary response resulting from the effect of SZA on P and not a direct 
affinity for Zn per se. Results from a previous study support this theory by 
demonstrating that as dietary P is decreased tibia Zn concentration increased 
(Watkins and Southern, 1992).
in Experiment 1, plasma, tibia, and pancreas Zn concentrations were 
higher in chicks fed the 35 ppm Zn basal diet supplemented with SZA, than in 
chicks fed the 85 ppm Zn diet without SZA. Because SZA increased plasma, 
tibia, and pancreas Zn even in chicks fed the basal diet that did not contain 
supplemental inorganic Zn, it probably exerted some of its effects on phytate 
associated Zn. Although SZA is devoid of Zn, these  data suggest that SZA 
increased the bioavailability of dietary Zn.
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FIGURE 4.1. Tibia ash calcium content of chicks fed either 85 or 4 ,000  ppm 
zinc without (O, 0 %) and with ( • ,  .75%) sodium zeolite A ±  Pooled SEM.
SUMMARY AND CONCLUSIONS
The data presented here demonstrate that SZA can influence the mineral 
utilization of broiler chicks. These data support the reports of others who have 
demonstrated that the effects of SZA on the chicken are influenced by the 
levels of various dietary nutrients, particularly that of Ca and P. It is interesting 
to note that under the conditions of adequate (neither excess or deficient as 
defined by the National Research Council, 1984) Ca and P nutriture, SZA's 
influence on growth, tissue Ca and P concentrations, and bone characteristics 
are either minimized or absent.
Although the data presented in Chapter 1 demonstrated that SZA 
exacerbated the adverse effect of feeding excess Ca, this does not provide 
sufficient evidence that SZA enhances Ca utilization. In fact, subsequent 
studies (Chapters 2 and 3) suggest that SZA is interfering with P utilization. 
However, just as the first experiment does not prove that SZA enhances Ca 
utilization, the second and third experiments do not preclude this effect. The 
intimate association between the nutritive aspects of Ca and P metabolism 
creates a challenge for the nutritionist intent on elucidating the mechanisms of 
action responsible for the varied and often conflicting effects of SZA on the 
chicken.
Most of the SZA-induced effects reported here mimic either the feeding 
of excess levels of Ca or inadequate levels of P. The originally proposed theory
9 5
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was that the ion-exchange properties of SZA were either binding nutrients and 
delivering them to intestinal sights most conducive to absorption, or protecting 
these  nutrients from antinutritional factors in the gut. Once researchers began 
to take a closer look at SZA, more and more evidence suggested that the ion- 
exchange capabilities were not solely, if at all, responsible for SZA's effects on 
Ca and P utilization, eggshell quality, bone characteristics, and growth 
performance. Subsequently, evidence was mounting that the Al associated 
with SZA was interfering with P utilization and responsible for the majority of 
reported effects. Several reports in the literature suggest that other minerals 
such as Si and Na also may be involved. A cautious approach would be to 
suggest that SZA provides a means by which a combination of mechanisms 
involving increased Ca utilization, decreased P utilization, and alterations in both 
electrolyte and trace mineral nutriture are responsible for the observed effects. 
Data supporting such a theory are available; however, we must acknowledge 
that such responses to SZA would also be dependent on dietary nutrient levels 
and environmental and management conditions.
Data presented in this manuscript demonstrates that SZA increases tibia 
Al concentrations and that this increase is most evident under the conditions 
of inadequate dietary P. This provides evidence that SZA is hydrolyzed in the 
gastrointestinal tract of the chicken providing a bioavailable source of Al or 
providing Al compounds capable of influencing the absorption of other luminal 
components. I suggest that the SZA-associated Al is responsible for a majority
of the effects of SZA including increases in egg specific gravity. However, 
under certain environmental and dietary conditions, other influences may be 
present. Most likely these effects would be related to SZA providing a source 
of biologically active Na and/or Si. The unique properties of SZA either as a 
source of Al, Na, and/or Si or as a sequester of biologically important nutrients 
must be recognized since a ttem pts to reproduce the effects of SZA with 
assorted dietary supplementations with similar elemental composition have, for 
the most part, failed.
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